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Preface 
Richard P. Feynman said, “I was born not knowing and have had only a little time to 
change that here and there.” This way, the Nobel laureate physicist summed up his 
lifetime of learning in “The pleasure of finding things out.” Looking in retrospective, I 
completely identify myself with his idea. My memories from the school and college 
years bring me back to a place where the information was structured and the opportu-
nities to question the information given were minimal. My generation has been trained 
to memorize facts and concepts and not so much on reflecting and deepen on the 
subjects taught. Nevertheless, I consider myself a privileged person, because I grew up 
at a time when opportunities for my generation to enter higher education were higher 
than ever before. I grew up in Asturias, a small region in the north of Spain in a middle 
class family of miners and farmers. I was blessed with their example, their principles, 
and the opportunities received to have such a comfortable and easy school and bache-
lor live without any worries. In 2010, after I obtained my degree in Computer Science 
at the University of Oviedo (Spain), I gained –for two years– some professional expe-
rience in a very small company that taught me valuable lessons about working in a 
team and being passionate about my work. By the end of 2011, while I was still work-
ing at the company, I started a Master degree in Web Engineering. Alternating study 
and work strengthened my perseverance and resilience, and prepared me to what was 
about come. In 2013, I quitted my job and I accepted a grant to move to the Nether-
lands for finishing my Master thesis at the Open Universiteit. Back then it was quite a 
change. I was leaving my comfort zone for the first time, without the proper English 
language proficiency nor any expectation. That was my first contact with such an in-
credible team at CELSTEC (the former institution of the Welten Institute). 
From those first six months at the Open Universiteit, I distinctly remember a warm 
morning before the summer, sharing a coffee with Prof. Dr. Marco Kalz at Bologna 
building (at the Open Universiteit). We were at the ground floor, on the little corner 
right in front of the cafeteria. Although this place does not exist anymore, at that time 
this small canteen bar with always dirty metal cups, a smelly fridge and certainly a really 
bad coffee was the meeting point for colleagues of our department. I still remember 
the taste of that sour metallic coffee, when he succinctly proposed the idea of becom-
ing a PhD student at CELSTEC. Eventually, at that moment this journey that lasted 
for 4 roller-coaster-years began. By the end of the summer of 2013, I was facing the 
topic of ‘Inquiry-based Learning supported with Mobile Technology’. 
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Looking closely at the cover of this thesis the reader can see a Triskelion/Triskele, 
which is an ancient Celtic symbol rooted in the Asturian1 culture that represents the 
eternal evolution through knowledge. In this thesis, the Triskelion symbol is used to 
give structure. First, the legs resemble the three sections of thesis; the theoretical foun-
dations, the design and implementation and the evaluation. Second, the Triskelion 
symbolises how the three fundamental elements of this thesis –inquiry-based learning, 
learners’ agency and technology– figuratively converge towards a unique construct that 
is the main research question. But, before presenting it, the theoretical underpinnings 
of these three fundamental elements will be explained. Right after, the outlining of 
sections will summarize how these fundamental elements have been developed across 
the thesis. 
The first element of inquiry-based learning is collaboration. This thesis builds upon 
the Social Constructivism theory (Vygotsky, 1978) and the Community of Inquiry 
framework (Garrison, Anderson, & Archer, 2000; Pierce, 1955). On the one hand, the 
social constructivism theory emphasised a vision of learning in which knowledge is 
constructed through interactions with peers. It was developed by the soviet psycholo-
gist Vygotsky, who challenged Piaget’s premise that learning could be understood 
without its social context. As a result, Vygotsky defined the “Zone of proximal devel-
opment” as an area between the actual development and the level of potential devel-
opment that the learner can achieve working on collaboration with others. His idea 
deepened the argument that social interaction plays an essential role in the develop-
ment of cognition. On the other hand, the Community of Inquiry (CoI) framework 
(Garrison et al., 2000), that defined learning as a continuous exploration of a topic of 
the students’ interest through sustainable social interactions, combined both the in-
quiry and the collaborative aspect. In brief, the combination of both provides the first 
element of this dissertation, collaborative inquiry-based learning. 
The second element is learners’ agency. Collaborative inquiry-based learning in or-
der to be successful requires collective responsibility (Scardamalia, 2002), in which the 
responsibility of the success of the group is distributed across inquiry participants. One 
challenge of this thesis is to foster learners’ individual accountability in a way that 
learners are able to take control over their learning (Benson, 2007). However, the liter-
ature suggests that implementing successful collaborative inquiry-based learning pro-
cesses requires a tight support and structure from the teacher (Hmelo-Silver, Duncan, 
& Chinn, 2007; Kirschner, Sweller, & Clark, 2006). Therefore, another challenge relat-
ed to the learners’ agency is to balance the support from the teacher for inquiry-based 
learning in a way that collaborative inquiry-based learning and learners’ agency are not 
hindered. 
Last, the third element represents ubiquitous technology. The rise of technology 
and its fast adoption has enabled the possibility for technology to become mainstream 
for education. Technology has considerably changed the nature of learning since desk-
                                                        
 
1 https://www.turismoasturias.es/en/home-en# 
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top, mobile and wearable devices, together with cloud-based solutions made learning 
more accessible. Klopfer and Squire (2007) discussed how the relation between people 
and technology has affected the conditions for non-formal or informal learning. In-
stant messaging, real-time feedback, push and pull mechanisms or the cloud-based 
solutions have also changed the relation between the learners, teachers and the envi-
ronments. Thus, the challenge is to make use of these properties in order to flexibly 
support the first two fundamental elements in a wide variety of inquiry contexts. 
All in all, in the same way the Triskelion symbolises a holistic vision of those inde-
pendent elements converging towards the middle, the main research question unifies 
the three fundamental elements as follows: 
How can an infrastructure be designed, implemented and evaluated in a way 
that it flexibly supports and structures collaborative inquiry-based learning pro-
cesses making learners more accountable for their learning? 
Outline of the thesis 
This dissertation consists of eight chapters distributed in the following three sections: 
theoretical foundations (Section I), design and implementation (Section II) and eval-
uation (Section III). The different sections focus on specific parts of the research 
question. In this way, the first section addresses the topic of learners’ agency in the 
context of mobile inquiry-based learning. The second section focuses on the design 
and implementation of tools to support collaborative inquiry-based learning. Finally, 
the third section covers the evaluation of the tools developed in section II and the 
theoretical background of section I. 
Taking a look at the chapters, in section I, chapter 1 investigates the current op-
portunities that learners have to exercise their agency in inquiry-based learning when 
supported with mobile technology. Since mobile devices have changed the nature of 
learning and the relation between people and technology, the objective of the chapter 
was to understand to what extent such adoption of mobile technology has influenced 
learners’ agency while doing inquiry-based learning. Besides the agency aspect, this 
chapter also provides a holistic vision of the instructional designs used in mobile in-
quiry-based learning. 
Section II focuses on the design and implementation of an infrastructure to sup-
port inquiry-based learning. It builds upon four chapters that present the GPIM appli-
cation, the DojoIBL platform, the DojoAnalytics component and the underlying infra-
structure that supports all of them. Chapter 2 describes a wearable application for 
inquiry-based learning based on Google Glass (GPIM). Taking advantage of the Head-
Up Displays (HUDs) technology, this chapter aims at supporting more personal and 
meaningful IBL experiences by offering hand-free interaction with the environment. 
The main idea is to enhance contextualized learning by having an unobtrusive device 
that enables learners to have more control over their learning. Chapter 3 presents 
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DojoIBL, a cloud-based solution to flexibly support collaborative inquiry-based learn-
ing processes. DojoIBL is meant to facilitate teachers and students’ processes. Learners 
can structure, organize and collaborate with their peers through the platform. The 
teachers can flexibly create inquiry structures, orchestrate multiple inquiry processes 
and keep track of the learners’ progress. In this chapter, the DojoIBL functionalities 
like instant messaging, notifications, timeline and calendar are described. Additionally, 
this chapter stresses the capabilities of DojoIBL to blend formal (browser-based) 
learning and informal (mobile) learning, as well as to foster learners’ agency through 
the use of roles. As DojoIBL moves learning beyond the classroom walls, teachers and 
students need more means to keep track of the inquiry progress. In chapter 4 the 
integration of DojoIBL with a Learning Analytics dashboard is described. The chapter 
presents DojoAnalytics, a component that acts as a proxy to connect DojoIBL with 
external Learning Analytics dashboards. This allows teachers and learners to have visu-
alizations and more detailed information both about their personal development and 
the inquiry topic. To demonstrate that DojoIBL interoperates with other external LA 
dashboards, two successful implementations are presented. Last, as a wrap up for this 
section II, chapter 5 describes the underlying architecture behind the three tools de-
veloped in this section. The quick adoption of mobile/desktop technology to support 
inquiry-based learning calls for the development of a reusable architecture for inquiry-
based learning solutions. The chapter presents an inquiry-based learning architecture 
that builds upon small, dedicated and reusable components. To demonstrate the ap-
plicability of this inquiry-based architecture and components, two implementations are 
presented to illustrate how the specification facilitates building an inquiry-based learn-
ing solution from scratch. 
The evaluation section focuses on the research question as a whole. It consists of 
three chapters that present the evaluations done with the infrastructure. Chapter 6 
begins with an experimental study about healthy food. The objective is to compare 
how using different inquiry structures influence students’ engagement, cognitive load, 
and motivation. For that, while the control group uses a less structured inquiry with 
one phase, the experimental group uses a more structured inquiry following the 
weSPOT inquiry model (six phases). In the experiment 164 secondary school students 
(age 13-15) have participated. Chapter 7 presents a formative study about the Do-
joIBL platform. Besides the elaboration on the theoretical and technological underpin-
nings of DojoIBL, the chapter describes an evaluation done with experts in the field of 
collaborative learning about perceived usability and user experience. Finally, chapter 8 
reports on an intervention to investigate the capabilities of collaborative inquiry learn-
ing in steering the co-creation of knowledge and shared understanding. The objective 
is to understand how these processes can be supported and sustained more efficiently. 
For that, this chapter elaborates on the use of roles supported with DojoIBL as a vehi-
cle to enact students’ agency and sustain better communities of inquiry. Using a non-
experimental research design, the two groups of five participants were given the same 
General introduction 
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opportunities. The results provide a list of practical guidelines that can be used to max-
imize the efficiency of DojoIBL supporting collaborative inquiry-based learning. 
This dissertation concludes with the General Discussion, which summarizes the 
outcomes of each study, general interpretations and implications for practical education. 
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Chapter 1 
A review of the types of mobile activities in 
inquiry-based learning 
 
 
 
 
 
Inquiry-based learning is increasingly suggested as an efficient approach for fostering 
learners’ curiosity and motivation. It helps learners to develop their ability to work in com-
plex and unpredictable environments making them more critical thinkers and agentic 
learners. Although, mobile technology is a suitable support for this learning process, there is 
a lack of practical strategies for educational practitioners to enact the right balance between 
enabling agency and supporting the students through the mobile technology. Thus, we con-
ducted a literature review that analyzed 62 studies on mobile inquiry-based learning. The 
analysis focused on the level of agency supported by mobile technology. This review study 
provided two main results: first, a classification of the most common mobile activities used 
in inquiry-based learning. The second result consists of an analytical framework to assess 
the level of agency supported by the different types of mobile activities. Finally, the review 
presents insights on how this analytical framework can be used by educational practitioners 
to identify mobile activities that effectively balance learners’ agency and scaffolding with 
mobile technology.  
 
 
This chapter is based on: Suárez, Á., Specht, M., Prinsen, F., Kalz, M., & Ternier, S. 
(2017). A review of the types of mobile activities in inquiry-based learning. Manuscript 
submitted for publication. 
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1.1 Introduction 
The term inquiry-based learning (IBL) has been defined in multiple ways in literature. 
Originally, it referred to a continuous exploration of a topic of students’ interest, in 
which learners engage in social interactions to generate shared understanding (Piaget, 
1959; Pierce, 1955; Vygotsky, 1978). De Jong & Joolingen (1998) defined it as an edu-
cational strategy based on discovering knowledge that fosters active participation and 
learners’ responsibility. Pedaste in 2006 referred to inquiry-based learning as an ap-
proach in learners solving problems by using their skills. Recently, inquiry-based learn-
ing has been increasingly suggested as an efficient approach for fostering students’ 
curiosity and motivation by linking science teaching in schools with informal learning 
and phenomena on everyday life (Specht, Bedek, Duval, & Held, 2012). Such strategy 
can help students to develop their ability to work on unpredictable and complex envi-
ronments, especially in the current, ever-changing, technology driven, society. In this 
context, research has shown that mobile technology can be a great support for leverag-
ing the opportunities for learners to engage in a broader range of informal learning 
activities, especially to make learners responsible for executing learning actions. Mobile 
technology provides opportunities for more personalized and autonomous seamless 
experiences across learning contexts (Thüs et al., 2012), in which learners have free-
dom and power to make proactive decisions. Sharples, Taylor and Vavoula (2005) 
suggested that learners’ agency lies in a socio-cultural synergy between all the individu-
als willing to advance knowing, instead of relying on the individual learner. The associ-
ated shift in the locus of control over learning (Chen, Tan, Looi, Zhang, & Seow, 2008; 
Sharples et al., 2005) may be facilitated by seamless learning designs that distribute 
agency, to make learners more self-directed.  
However, increasing learners agency and offering less support can lead to less de-
sirable learning outcomes (Sawyer, 2005) or to learners struggling to select, organize 
and integrate relevant information (Kirschner et al., 2006; Mayer, 2004). The division 
of activities between teachers and students, the required level of teachers’ involvement, 
and the importance of students’ autonomy and agency in their own learning remain 
important concerns to achieve efficient inquiry-based learning processes (Brown & 
Campione, 1994; Drexler, 2010; Kirschner, Sweller, & Clark, 2006; Klahr & Nigam, 
2004; Lumpe & Oliver, 1991; Mayer, 2004; Sha et al., 2012; Song, Wong, & Looi, 
2012). The issue of learners’ agency in mobile inquiry-based learning has been superfi-
cially addressed in Nouri, Cerratto-Pargman, Rossitto, and Ramber (2014). The study 
that compared two inquiry-based teaching approaches with and without mobile tech-
nology, put the focus on the different actions that were supported with mobile technolo-
gy and how those actions had an effect on the degree of learners’ agency and control. 
This review deepens on this analysis of the actions supported with mobile technology 
in inquiry-based learning and how learners’ agency is affected. In the remainder of this 
manuscript, these actions supported with mobile technology will be called mobile ac-
tivities. Thus, the objective is to provide more guidance for practitioners to enable an 
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efficient balance of learners’ agency and scaffolding using mobile technology for in-
quiry-based learning. 
This review focuses on how mobile activities in inquiry-based learning enable the 
distribution of agency and the balance of student support. To this end, this review is 
structured as follows: Section 2 underpins the theoretical background upon which this 
review builds: self-directed learning and agency in mobile learning and seamless inquiry 
support. Section 3 presents the classification framework derived, used to analyse the 
studies. Section 4 summarizes the outline of the methodology used. Section 5 presents 
the results based on the classification framework. Section 6 elaborates on the results 
achieved and discusses its possible implications. Last, section 7 provides the conclu-
sion of this review with the limitations of this study and the outline for further re-
search on the field of mobile inquiry-based learning. 
1.2 Theoretical Background 
A considerable amount of review studies has been published lately on inquiry-based 
learning, mainly focusing on the effect of the inquiry approaches on learning outcomes 
and guidance. A recent literature study (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011) 
investigated the effects of guidance in discovery learning approaches comparing unas-
sisted discovery learning versus explicit instruction and enhanced discovery learning 
versus explicit and unassisted learning. The comparison showed that unassisted IBL 
did not benefit learners, while scaffolding and worked-out examples did. These results 
were aligned with the meta-analysis (Furtak, Seidel, Iverson, & Briggs, 2012) about 
experimental and quasi-experimental inquiry-based learning studies, in which it was 
suggested that teacher-led inquiry lessons had a larger effect on students’ learning than 
those that were student-led. Another analysis of the literature focused on the structure 
and phases of the inquiry (Pedaste et al., 2015). The results presented a synthesized 
framework that proposed a general structure for inquiry-based learning in order to 
ensure effective implementation of inquiry-based learning processes. More recently, a 
meta-analysis (Lazonder & Harmsen, 2016) has also confirmed that guidance is pivotal 
to successful inquiry-based learning. In this study authors compared the effectiveness 
of different types of guidance for a different range of age. The results demonstrated 
that learners who received some kind of guidance improved learning outcomes, but the 
specificity of the guidance received and the age of the learners did not affect the re-
sults. 
Other more recent reviews have been focusing on inquiry-based learning supported 
with mobile technology. Zydney & Warner (2016) identified typical designs with mo-
bile apps (technology-based scaffolding, location-aware functionality and digital 
knowledge sharing and construction) but also suggested some recommendations for 
better alignment of the learning theories and the measured outcomes. This review 
determined that basic scientific knowledge or conceptual understanding were the main 
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outcomes measured in the studies, and more effort from researchers was needed to 
assess high-level cognitive outcomes like cognitive load or problem solving. Another 
analysis on the effects of mobile technology on inquiry-based learning (Sung, Chang, & 
Liu, 2016) focused  on the shortcomings linked to the duration of interventions, the 
methods of measurement of higher-level skills, and also on the weak orchestrations of 
mobile activities in generic learning activities. This supports the idea that student’s 
activity alone is not enough to explain learning outcomes; scaffolding is often distrib-
uted in the learning environment, across the curriculum materials or educational soft-
ware, the teachers or facilitators, and the learners themselves (Puntambekar & 
Kolodner, 2005). Despite the results of earlier reviews on (mobile) inquiry-based learn-
ing, none have yet analysed the relation and impact of using mobile technology on 
learners’ agency. 
1.2.1 Designing seamless inquiry support 
Sharples in Wong, Milrad, and Specht (2015) defined Seamless Learning as a continu-
ous flow of meaning-making despite the changes in the physical and the social context. 
In the literature, different learner-centered approaches can be identified: for instance, 
contextual learning theories originating from distributed cognition and contextual 
immersion, the socio-cultural perspectives that stresses the importance of a systemic 
approach, constructivist approaches that highlight the importance of learner activity, 
and furthermore, for designing optimal learning experiences the idea of self-directed 
learning and scaffolding are discussed (Koole, 2009; Sharples, Taylor, & Vavoula, 
2010). 
In the field of inquiry-based learning, the integration of mobile technology enables 
new forms of guidance (Land et al., 2011), interactivity or immersion in technology-
supported inquiries. Koole (2009) defines aspects of the device, aspects of the learner 
and social aspects as part of the complex interaction of mobile learning support. Based 
on her framework balanced and effective learning experiences can be designed by 
these aspects. In a similar approach, Luckin (2010) defines a framework in which learn-
ing takes place in an Ecology of Resources (EoR). She uses the concept of filters to 
select relevant resources for supporting learning in the current context. Considering 
the special case of mobile language learning, Kukulska-Hulme (2009) points out that 
the focus of attention is actually on the pedagogical interactions and less on the nature 
of the technology being mobile or fixed. Taking learning outdoor benefits learning, as 
it facilitates an active interaction process between the learners and their environment 
(Fahraeus, 2004; Wilde, Harris, Rogers, & Randell, 2003). 
The context-bound nature of learning is also emphasized in socio-cultural ap-
proaches. As Säljö (2010) argues, our knowledge is built through our application of 
external tools (intellectual, physical, or both), which we integrate into the flow of our 
activities. Learning is mediated by conceptual and physical artefacts and by other peo-
ple, in an interacting system of elements. Sharples, Taylor, & Vavoula (2010) postulat-
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ed that knowledge is embodied in the elements of a distributed system and in the inter-
actions between those elements. The capabilities of mobile technology enable learners 
to hold conversations across multiples contexts and to generate synergies to co-create 
knowledge.  
De Jong, Specht, & Koper (2008) provided a reference model for mobile social 
software, engagement and immersion. In their framework they analysed the participat-
ing stakeholders, embeddedness into the context, underlying pedagogical paradigms 
and the data flow of different mobile social applications. Park (2011) proposed a 
framework to classify the pedagogical affordances of mobile designs based on the 
attributes of mobile devices; the mobility hierarchy defines four levels to cluster mobile 
devices and their pedagogical affordances as productivity, flexible physical access, cap-
turing and integrating data, and communication and collaboration support.  
Taken together, all these learner-centric approaches supported with mobile tech-
nology offer suitable learning activities, at the right time and place. These different 
types of mobile activities –that will be used later for the classification framework– 
provide ubiquitous capabilities for learners to receive specific instruction, guidance and 
content when they need it (Kukulska-Hulme, 2009; Luckin, 2010). Learners can social-
ly interact and co-create knowledge among distributed participants in a community 
(Koole, 2009; Säljö, 2010; Sharples et al., 2010). They can also back up their investiga-
tions digitalizing evidences for later analysis and reflection (Tabuenca, Kalz, Drachsler, 
& Specht, 2015; Verpoorten, 2012). Mobile activities can also bridge learners and their 
environment for supporting more augmented experiences (Fahraeus, 2004; De Jong et 
al., 2008; Wilde et al., 2003). These properties were also mentioned in Zydney and 
Warner (2016) as part of the typical designs featured with mobile apps in inquiry-based 
learning. However, do these properties really lead to effective seamless learning? This 
question, that has been raised by Vogel, Kennedy, and Kwok (2009) and shared by 
Wong, Milrad, and Specht (2015) in their book, suggesting that just using mobile tech-
nology for (inquiry) learning does not necessarily lead to meaningful seamless learning 
processes. Eventually, this also requires learners to be agents of their own learning in a 
way that they control their behaviour and cognition (Wong, Milrad, & Specht, 2015). 
So, the key question is to what extend those learner-centric approaches supported with 
mobile technology enable learners to take the responsibility on their learning process 
(learners’ agency).  
1.2.2 Learners’ agency 
During the last decades autonomy and agency have been central to education, and they 
have been used indistinctly  to refer to the ability or capacity to take control of one’s 
own learning (Benson, 2007; Holec, 1979; Holec, 1981) or to refer to the capacity to 
act with initiative (or self-regulation) and effect in one’s own learning (Fay, 1996; 
Lantolf & Pavlenko, 2001). Some authors (Hunter & Cooke, 2007) have claimed that 
the initiative aspect is the differentiator between autonomy and agency. They argued 
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that learners’ agency comprises the initiative of the learner, whereas learners can act 
autonomously even when they have received specific instructions before. All in all, 
learners’ agency assumes learners to be responsible for the purpose of their learning, 
the content, the rhythm and the strategies they used as well as for monitoring the pro-
gress and assessing its outcomes (Little, 2007). Controlling the process of one’s own 
learning is strongly linked to the concept of self-regulated learning. In its definition 
(Zimmerman, 1990), learners are characterized by having the control over their meta-
cognition, motivation and behavior, which helps them to achieve desired learning out-
comes. This definition was extended in the social cognitive theory of Bandura (2001) 
and Zimmerman and Schunk (2001), in which self-regulated learners should be also 
able to define their own motivational and metacognitive strategies, manage their own 
learning situations and choose the right amount of instruction needed. Moreover, as 
part of the social cognitive theory, Bandura (2001) defined agency as the capability of 
humans to set a goal and act on these choices. Additionally, he provided four main 
features that characterized human’s agency: a) intentionality, that refers to the power to 
originate actions. b) forethought, that suggests that an agent should anticipate his/her 
goals and take the appropriate action to achieve them, c) self-reactiveness, that refers 
to the power to not only plan and think ahead, but also to motivate and self-regulate as 
well and d) self-reflectiveness, as the capability to subjectively judge their own perfor-
mance and assimilate also external feedback. 
Several critiques in the literature associated to the lack of support and guidance in 
discovery learning processes (Kirschner et al., 2006; Mayer, 2004) claimed that enabling 
too much freedom can generate less desirable learning outcomes and make learners 
struggling to select, organize and integrate relevant information. Such critiques leverage 
the need to achieve more understanding of the role of mobile technology supporting 
learners’ agency. Although there has been some preliminary attempts to discuss this 
issue in the context of inquiry-based learning (Nouri et al., 2014), this manuscript aims 
at providing practical strategies to scrutinize how learners’ agency and scaffolding can 
be better identified when using mobile technology. Taken together, the agency defini-
tions described in this section will be used in the next section to define the dimensions 
that will characterize learners’ agency. 
1.3 Analytical framework 
To ensure the identification of the opportunities for exercising learning agency in in-
quiry-based learning supported with mobile technology, this review looks at the link 
between learners’ agency and the state-of-the-art of mobile device and mobile applica-
tions found in literature. In order to conduct this research, this review proposes a re-
view framework which is based on the definitions of learners’ agency.  
Starting from the idea of agency as the capacity to take control over learning 
(Benson, 2007; Holec, 1979; Holec, 1981), and in order to conduct a comprehensive 
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analysis of the agency aspect of learners in inquiry-based learning supported with mo-
bile technology, we developed an analytical framework that includes 6 agency dimen-
sions. It is based on the following four definitions of agency proposed by Bandura 
(2001): goals, actions (extracted from intentionality feature), strategies (extracted from 
the forethought feature) and reflection (extracted from the self-reflectiveness and the 
self-reactiveness features). This framework was complemented with Little's (2007) 
definition that includes control, and with Zimmerman's (1990) definition that incorpo-
rates monitor control (extracted from the self-regulation theory). The final analytical 
framework with the 6 dimensions is: 
• Goals: Does the learner have any opportunity to set up his/her own learning 
goals/intention? 
• Content: Does the learner have any opportunity to decide which information 
he/she wants to use? 
• Action: Does the learner have any opportunity to decide what to do? 
• Strategy: Does the learner have any responsibility on how to do it? 
• Reflection: Does the learner have any opportunity to reflect upon the strategies 
used to execute the process? 
• Monitoring: Does the learner have any opportunity to monitor his/her progress? 
1.4 Method 
1.4.1 Selection 
Following the structure proposed by the PRISMA statement, as a guideline for under-
taking systematic reviews (Moher, Liberati, Tetzlaff, & Altman, 2009), the underlying 
exploration was conducted in April 2016 using the following databases: Elsevier and 
Web of Science were used because they contain journals that publish research combin-
ing educational and technical aspects. ACM and Springer were selected because they 
contain one of the largest digital libraries for conference proceedings. And finally, 
Taylor & Francis was used for covering subjects in education, engineering and social 
science. 
The search for articles was done in three iterations. The first iteration was per-
formed using the keywords included in the identification phase (see Figure 1). In this 
case, we examined the abstracts of the articles looking for studies describing inquiry-
based learning processes supported with mobile technology. This identification phase 
left 110 articles that were considered for further analysis. In the screening phase, 5 
duplicates were removed. In the eligibility phase, we filtered out 43 articles without 
practical implementations of mobile inquiry-based learning, i.e. theoretical studies. 
Since not a lot of experimental studies were found, case studies and semi-experimental 
were also considered for the analysis. At the end, 62 studies were retained for an in-
depth analysis.  
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We focused on inquiry-based learning, inquiry learning and science inquiry, because 
we considered these terms to be sufficient for our analysis. In addition, the review 
covered studies in the timeframe between the appearance of the first smartphone in 
2006 until to 2016. 
 
Figure 1: Research methodology according to the PRISMA framework. 
1.4.2 Analysis 
Previous review studies on inquiry-based learning (Furtak et al., 2012; Lazonder & 
Harmsen, 2016; Maaß & Artigue, 2013) and mobile inquiry-based learning (Sung et al., 
2016; Zydney & Warner, 2016) have already addressed topics like learning outcomes, 
strategies for the practical uptake of IBL, effects of using mobile technology for IBL 
or the effects of guidance. However, the issue of learners’ agency has been addressed 
superficially in few occasions like e.g. in Nouri et al. (2014). Thus, to deepen in the 
analysis of how the different types of mobile activities affect learners’ agency, a three-
step process analysis has been carried out. 
Following a joint iterative coding approach (Bogdan & Biklen, 1998; Huberman & 
Miles, 2002), the first step of the analysis was to cluster all types of mobile activities 
found in the studies. For that, an initial classification of types of mobile activities has 
been created based on the ubiquitous pedagogical capabilities of mobile technology 
described in section 2.1. A ubiquitous pedagogical capability is a unique affordance that 
mobile technology provides to support learning. The initial types were: 1) direct in-
struction, 2) access to content, 3) data collection, 4) enable communication and 5) 
contextual support. At the end of this first step, these types were refined and became 
the final 12 types of mobile activities supported in inquiry-based learning (see Appen-
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dix A). The second step consisted of the development of the analytical framework 
presented in section 3. Out of the existing definitions of learners’ agency, 6 dimensions 
were developed in order to define to what extent a type of mobile activity supports or 
limits agency. The last step of the analysis, the 12 types of mobile activities have been 
analysed according to the 6 dimensions of learners’ agency that focus on the learners’ 
control over goals, content, actions, strategies, reflection and monitoring. The results 
are presented in five sections (according to the initial types of mobile technology) that 
contain two tables each to indicate first the types of mobile activities under the initial 
category and second how they fulfil the agency dimensions. 
1.5 Results 
In this review, 62 studies were selected for further analysis. Out of the initial grouping 
phase, the distribution of types of mobile activities over the 5 major categories (see 
Appendix A) was the following: fostering teachers’ direct instruction (44/62 studies – 
70%), access to content (43/62 studies – 69%), supporting data collection (57/62 
studies – 91%), facilitating social interaction (20/62 studies – 32%) and enabling inter-
actions between the context and the learner (16/62 studies – 25%). In this section, 
examples of the different types of mobile activities are given together with the analysis 
of the learners’ agency based on the 6 agency dimensions. Thus, two tables will be 
included in each sub-section; the first table contains examples of mobile activities, the 
number of times that they were found in the different studies and which technological 
affordances of the mobile devices were used. The second table contains the scores of 
each type of mobile activity based on the 6 agency dimensions: goal, content, action, 
strategy, reflection and monitoring. One check in the table, for a given type of mobile 
activity, means that at least one example (or more) has been found in the articles that 
support that dimension. Conversely, a cross can have two interpretations. First, it 
could mean that for a given type of mobile activity there were no evidences in the 
studies that support the agency dimension. Second, it could also mean that the agency 
dimension was limited, i.e. in location guidance one might think that learners are free 
to choose their content, however in most of the cases the purpose of the location 
guidance activities was to provide content to the learners in the different spots. 
1.5.1 Direct instruction 
The most basic form of support in formal and informal learning is direct instruction. 
Inquiry-based learning, especially when it takes place in out-of-the-classroom settings, 
is based on ill-structured inquiry activities that require a lot of support and guidance 
from the facilitators. This type of mobile activities facilitates such support even when 
participants are distributed across different locations. In the reviewed studies there is a 
continuum of direct instruction and guidance that works on different levels (location 
A review of the types of mobile activities in inquiry-based learning 
33 
guidance, procedures and metacognition). These 3 levels –represented in table 1– are 3 
of the 12 types of mobile activities mentioned in 4.2. 
Table 1. Types of mobile activities supporting access to content. 
Direct instruction Number of studies Technological affordances 
Location guidance 27 GPS, Radio Frequency Identification (RFID), Quick Response Codes 
(QR codes), Personal Digital Assistants (PDAs) & Geocaches 
Procedural guidance 16 Task/process execution, question-guided tours, process or 
collaboration scripts  
Metacognitive 
support 
4 Mental model construction, carry out interpretations, scaffolding to 
understand scientific concepts, reducing cognitive load in data 
collection & interpretation processes. 
 
Location guidance instructions (used in 27 studies; see table 1 and Appendix A) cover 
types of mobile activities that explicitly move learners through different locations ei-
ther in sequence or different forms of exploration. Examples of this type of mobile 
activities are fieldtrips or museum visits that usually are combined with technological 
affordances like GPS, RFID, QR codes of PDAs. Considering the dimensions of the 
analytical framework for learners’ agency, it only provides opportunities for learners to 
exercise their control over the strategies (see table 2). Despite the learners being in-
structed about what to do (control over actions) and where to go, they can still decide 
how to do it. Although learners move around the place to get information, in the cases 
presented in the literature the information was given by the teacher or designer. 
The direct instruction through procedural guidance (used in 16 studies; see table 1 
and Appendix A) help the learner to carry out an activity or process.  It helps learners 
executing and automatizing step-by-step processes. For example, in Hsiao, Chang, Lin, 
and Wang (2016) and Suarez, Ternier, Kalz, and Specht  (2015) learners received ques-
tion-guided instruction in order to help them during the data collection process. Other 
examples used list items or scripts to guide specific parts of the inquiry process 
(Anastopoulou et al., 2012; King, 2007). Regarding the dimensions of agency, the 
learners do have more autonomy to use their content, however their control over ac-
tions, strategies and goals is limited by the step-by-step guidance. In this case also the 
type of mobile activities helps learners to monitor and reflect upon their learning. In 
Suarez et al. (2015)2, learners could visualize their performance after the activity, so 
they could reflect on action (monitoring of cognition see Akyol and Garrison (2011)).  
The last level of direct instruction is the metacognitive guidance (used in 4 studies; 
see table 1 and Appendix A). It guides the students on what cues to reflect upon and 
how to construct mental models. Some examples of type of mobile activities that sup-
port metacognition, instruct learners on how to carry out interpretations (Ahmed & 
Parsons, 2013). Other examples provide scaffolding on how to understand key scien-
tific concepts like animal grouping (Looi et al., 2014; Parr, Jones, & Songer, 2004). This 
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type of direct instruction allows learners to have more control over actions, strategies 
and content, because this main goal of this type of direct instruction is to reflect about 
their cognitive processes. 
Table 2. Learner’s agency dimensions for the types of mobile activities providing direct instruction 
Direct instruction goals content actions strategies reflection monitor 
Location guidance       
Procedural guidance        
Metacognitive support        
1.5.2 Access to content 
The ubiquitous access to information is a common practice in our daily life, in which 
users seek, store, organize and categorize the information whenever they need it 
(Pachler, Cook, & Bachmair, 2012). In the context of inquiry-based learning, contextu-
ally relevant information integrated with prior knowledge (Rogers & Price, 2008) be-
comes essential to support ongoing observations and to create new knowledge in the 
physical environment. To this end, the appropriation of digital literacy is key to elicit 
good interpretations of the content delivered or consumed through the mobile device. 
In the reviewed studies, we found two types of mobile activities for accessing content 
(fixed and dynamic). 
Table 3. Types of mobile activities supporting access to content. 
Access to content Number of studies Technological affordances 
Fixed content 25 Local repositories, preloaded e-libraries, preloaded mobile apps, RFID 
tags, QR codes, Geocaches and digital artifacts triggered with GPS and 
AR 
Dynamic content 25 Browsing, filtering, interpreting information found on the web, remote 
databases, concept maps, discussion forums, KWL3 tables, online 
blogging, wikis and social networks. 
 
Table 3 shows a summary of how many times and how these types of mobile activities 
have been used. The fixed content type (used in 25 studies; see appendix A) refers to 
the type of mobile activities in which the content has been prepared before the inquiry 
activity starts. Although the content can be stored online, in the literature it is usually 
stored in the mobile device to enable also offline access. For example, through mobile 
functionalities like e.g. RFID tags (Chu, Hwang, Tsai, & Tseng, 2010) or QR codes 
(Eliasson, Knutsson, Ramberg, & Cerratto-Pargman, 2013; Nouri, Cerrato-pargman, & 
Zetali, 2013), learners can access relevant information for the inquiry process. Exam-
ples of activities like jigsaw (Mulholland et al., 2012), scavenger hunt games or geo-
caching activities (Jones, Scanlon, & Clough, 2013) integrate this type of mobile activi-
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ties while keeping the inquiry nature of the activity. From the analytical framework 
perspective, if the content consumed has been prepared by the facilitator before the 
inquiry activity starts like i.e. pre-loaded e-libraries (Ahmed & Parsons, 2013) or con-
tent uploaded to a mobile app (Ternier, Klemke, Kalz, & Specht, 2012), the opportuni-
ties for learners to setup their own goals can be reduced (see table 4). This is because 
learners will not be able to steer the inquiry process in the direction they wish to. It has 
been proven that ill-structured processes require a lot of guidance (Kirschner et al., 
2006; Lazonder & Harmsen, 2016), but providing guidance is not strictly the same as 
delivering content. Guidance can be provided on how to explore learners’ objectives in 
an optimal way, whereas delivering specific content implies giving learners everything 
ready to use, which in turn, can move learners away from their own learning objectives. 
Thus, agency over content is also not well supported by fixed content type of instruc-
tions. The next dimension for agency refers to the opportunities for reflection while 
accessing content. Providing fixed content to the learners generates less chances for 
learners’ reflection. With fixed content the learners focus on using the information 
given on the inquiry process, whereas with the dynamic access learners not only need 
to use the information but they also need to decide how suitable the content is for the 
purpose of the inquiry. This does not neglect the reflective capabilities that might be 
enacted through fixed content, but it emphasizes the bigger opportunities for learners’ 
reflection when using dynamic access to content.  
The second subcategory is dynamic content access (used in 25 studies, see table 3 
and Appendix A). It refers to the type of mobile activities in which learners actively 
access digital sources to browse, filter, retrieve, evaluate, and interpret content that can 
be valuable to advance their knowledge (Liu, 2009; Shih et al., 2010). Another example 
of dynamic access to content can be the use of remote repositories of information 
(Huang, Lin, & Cheng, 2010; Lai, Wu, Chou, & Lai, 2010), which are not as wide as 
the information that can be found on the internet but learners still need to browse and 
to filter the information. These types of mobile activities –that enable learners to man-
age their information (dynamic access to content)– open up the opportunities for 
learners to exercise their agency (see table 4 and Appendix B). First, the control over 
the goals depends on the design around the use of this type of mobile activity. For 
instance, in Song et al. (2012), authors followed a goal-based approach in which KWL 
tables are essential to let the learners establish their own learning goals and plans. In 
this case, learners had the freedom to select their own information resources. Regard-
ing the dimensions of content, actions, strategies and reflection, the learners have in-
trinsically control over all of them. The reflection dimension is covered as the learners 
need to developed digital literacy skills like filtering or analysis in order to find suitable 
information online. 
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Table 4. Learner’s agency dimensions for the type of mobile activities providing access to content. 
Access to content goals content actions strategies reflection monitor 
Fixed content       
Dynamic content       
1.5.3 Data collection  
Since the appearance of the first handheld devices, data collection processes have 
played an essential role in supporting the development of complex reasoning (Parr, 
Jones, Songer, & Arbor, 2002) and minimizing the complexity of collecting accurate 
data in the field (Parr et al., 2004). Defined as the process of digitalize, persist in time 
and organize the data in a digital shared space, data collection processes are essential to 
any scientific investigation. 
Table 5. Types of mobile activities supporting data collection processes.  
Data collection Number of studies Technological affordances 
Cooperative 57 Capturing multimedia data, taking notes, drawing schemas, multiple 
choice questions to guide data collection and collect information for 
KWL4 tables. 
Collaborative 8 Collaborative concept maps and graphical data visualization of data 
jointly collected. 
 
From table 5, one can see that the great majority of the reviewed studies (57/62) in-
cluded the type of mobile activities involving data collection processes (see Appendix 
A for detailed information). Some examples of cooperative data collection are tradi-
tionally activities like taking notes (Hung et al., 2013; Hwang, Wu, et al., 2011; 
Liljeström, Enkenberg, & Pöllänen, 2013; Shih et al., 2010; Song, 2014; Tan et al., 
2007; Yang & Lin, 2010) or drawing ideas, schemas or concepts (Chiang et al., 2014a, 
2014b; Chung et al., 2010; Looi et al., 2014; Song, 2014; Song & Kong, 2014; Sun, 
Looi, Wu, & Xie, 2015). However, mobile technology also offers specific affordances 
like annotating data samples taken, or conceptualized mental models in order to make 
them shareable (Chang et al., 2012; Hung et al., 2012; Razikin et al., 2009; Sha et al., 
2012; Shelley, Dasgupta, Silva, Lyons, & Moher, 2015; Song et al., 2012; Yarnall et al., 
2006). From our analytical framework point of view (see table 6 and Appendix B), 
most of the features of learners’ agency are covered in the type of mobile activities 
involving data collection. Learners are free to decide what to capture, how to do it and 
after the capturing the facilitators can ask the learners to reflect and to interpret it. 
Though, there is a difference on the opportunities for monitoring their progress be-
tween the cooperative and the collaborative data collection processes provide. Before 
explaining such difference, the cooperative data collection processes refer to the most 
common form of data collection, in which students individually capture multimedia 
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data for later analysis or interpretation. Among the traditional techniques for data col-
lection –taking notes, shooting videos, pictures or audios–, more specific functionali-
ties like annotating data samples or conceptualize model are also widely used in in-
quiry-based learning. Additionally, these technological affordances have been used in 
specific phases of the inquiry model e.g. brainstorming or idea collection for further 
investigation.  
Conversely, the collaborative data collection processes refer to the type of mobile 
activities in which students collectively associate concepts, i.e. concept maps of jointly 
collected graphical visualizations. Technically, the main difference with the cooperative 
data collection is that the data is not automatically integrated, processed and merged 
into a unique data instance. Cooperative data collection requires a post-analysis of the 
collected data, while collaborative data collection allows learners to interpret the results 
and react immediately to them. Examples of collaborative data collection processes are 
i.e. associative concept mapping (Chiang et al., 2014a, 2014b; Looi et al., 2014; Song, 
2014; Song & Kong, 2014; Sun et al., 2015) or jointly generated graphical visualization 
of the collected data during an inquiry (Rogers & Price, 2008; Sharples et al., 2015). In 
this particular case, the values recorded by the students were processed and combined 
in real time and shown to them in the form of a graph. From the learners’ agency point 
of view (see table 6), collaborative data collection processes enable monitoring oppor-
tunities. For instance, as stated in Rogers (2006), learners could reflect and analyze the 
gathered data through collaborative data collection processes during their outdoor 
discoveries while still in the woodland. Such opportunities enable a reflection in action 
(collaborative data collection), rather than a reflection on action (cooperative data 
collection) that happens when the data collection process is over (Munby, 1989). 
Table 6. Learner’s agency dimensions for the type of mobile activities providing data collection. 
Data collection  goals content actions strategies reflection monitor 
Cooperative data collection       
Collaborative data collection        
1.5.4 Peer-to-peer interactions 
Sharples, Taylor, & Vavoula (2010) stated that the use of mobile technology for learn-
ing situates knowledge at the center of a distributed system, in which learners hold 
conversations across multiple contexts. Such distribution supports the concept of 
shared ownership that claims that agency lies with the community of learners, rather 
than with the individuals. 
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Table 7. Types of mobile activities providing peer-to-peer interaction. 
Peer-to-peer communication Number of studies Technological affordances 
Synchronous 10 Instant messaging, chats with notifications. 
Asynchronous 15 Forums, online discussion panels, online platforms without 
notifications and social boards. 
 
Out of the 62 reviewed studies, 20 included mobile activities to steer communication 
between students or between teachers and students. Table 7 shows that these studies 
refer to a great extent to learners interacting socially to achieve certain learning goals. 
In Jones, Scanlon, and Clough (2013), a system that provides means of communication 
was used in four projects. The results provided different levels of learners control (see 
table 8) regarding the choice for inquiry and process (content and strategy), ranging 
from limited control over the inquiry topics and process –in a birdwatching activity– 
until almost full learners’ control (besides the design of the caches) –in a geocaching 
activity–. In these examples, the communications were asynchronous. Learners were 
not notified about the communication, so it was difficult to follow up the communica-
tions. More examples of asynchronous communications can be enacted with the use of 
forums (Chiang et al., 2014a, 2014b; Jones et al., 2013; Lai et al., 2010; Liljeström et al., 
2013), online discussion panels (Marty et al., 2013; Wong, 2013) and comments in 
social boards (Anastopoulou et al., 2012; Aristeidou et al., 2015; Boticki et al., 2015; 
Song, 2016; Song & Kong, 2014; Wong, 2013).  
The synchronous communications rely on push & pull technology to increase 
learners’ awareness about recent contributions in the inquiry or new messages availa-
ble. These communications are volatile, elusive and they occur in real time, thus fea-
tures like notifications are needed to keep the flow of the conversation. Some exam-
ples of this type of mobile activity can be found in studies that used instant messaging 
together with notifications (Chiang et al., 2014a, 2014b, Song, 2014, 2016; Song & 
Kong, 2014; Suárez, Ternier, Prinsen, & Specht, 2016). Comparing synchronous and 
asynchronous interactions, they do not only differ on the underlying technology. Both 
provide opportunities to reflect, but the asynchronous communications allow learners 
to have more quality time for reflection. They are not urged to keep up the flow of the 
conversation, so they can elaborate more the message they wish to convey. This type 
of communication might be preferable when the goal is to achieve higher order cogni-
tive skills (Garrison, Anderson, & Archer, 1999). 
Table 8. Learner’s agency dimensions for types of mobile activities providing peer-to-peer interaction support. 
Peer-to-peer interactions goals content actions strategies reflection monitor 
Social asynchronous       
Social synchronous         
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1.5.5 Contextual support 
De Jong et al. (2008) used the term contextual filters to refer to the support that mo-
bile technology offers to learners filtering by the context the resources that can help 
them on their learning. Such contextual filtering or support, allow learners to explore, 
discuss and construct knowledge in real world scenarios (Donovan, Bransford, & 
Pellegrino, 1999). It bridges the gap between the learners and the environment that 
surrounds them. 
Table 9. Types of mobile activities providing contextual support. 
Instructional designs Number of studies Technological affordances 
Augmented experience 12 GPS, timer or accelerometer 
Immersive experience 9 GPS, big display for immersive simulation, stargazing 
simulation, 3D weather simulation. 
Adaptive feedback 7 intelligent systems that give hint for making further 
observations 
 
Only 16 of the 62 studies included mobile activities for contextual support (see Ap-
pendix A). Table 9 shows the three subcategories (augmented experience, immersive 
experience and adaptive feedback).  
First, the augmented experiences (used in 12 studies, see table 9) prompt infor-
mation to the learner when he/she steps into a specific location or when certain 
amount of time has passed. Thus, the context, through this type of mobile activity, 
creates the learning conditions for students, but the student has the control and de-
cides what to do or to explore (Nathan & Robinson, 2001). The majority of the de-
signs used the GPS to model this type of activity (Boticki et al., 2015; Chiang et al., 
2014a, 2014b; Dunleavy et al., 2009; Huang et al., 2010; Hwang, Chu, et al., 2011; Jong 
& Tsai, 2016; Kamarainen et al., 2013; Laru et al., 2012; Schaal et al., 2012; Wong, 
2013) (see table 10 and Appendix B). This type of mobile activities does not offer 
opportunities to monitor the learning progress, because they focus on the delivery of 
content through the context. 
Second, the immersive experiences (used in 9 studies) refer to the type of mobile 
activities embedded in a digital simulation. Digital simulations are frequently used in 
inquiry-based learning to explain complex concepts or processes that cannot be easily 
reproduced in real life. Examples of this type of immersive experiences have been 
reported in Chen and Lin (2016) in which students could engage in a free-form of 
stargazing with simulated constellations or in Lui, Kuhn, Acosta, Quintana and Slotta 
(2014) in which students collected data in rainforest immersive simulation. Another 
example is the 3D weather simulation (Hsiao et al., 2016), in which learners combine 
factors like temperature or pressure to learn the implications those have on the weath-
er. All in all, these immersive experiences are characterized by having learners interact-
ing with a digital environment that augments their learning experience. Concerning 
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learners’ agency, these types of mobile activities showed options for learners to control 
all the agency dimensions.  
Last, the adaptive feedback experiences (used in 7 studies) offer incremental sup-
port based on learners’ performance. In this case, learners’ agency is supported but 
some considerations must be made depending on the inquiry activity. In Chu, Hwang, 
Tsai, and Tseng (2010) learners were guided to do field observations in conditional 
steps. Based on their performance they received different hints to continue the explo-
ration. During the activity, the observation and the hints received were recorded so 
learners could monitor their steps. In this example, the learners’ agency is limited be-
cause they received information about strategies to explore the field. However, in 
Hung, Hwang and Lin (2013) they used an automated feedback meant to motivate 
learners’ reflections. In this case, no constraints were found for goal, content or strate-
gy decision on the inquiry activity. In both cases the control over the actions might be 
influenced by the adaptive feedback. 
Table 10. Learner’s agency dimensions for types of mobile activities providing contextual support. 
Contextual support goals content actions strategies reflection monitor 
Augmented experience       
Immersive experience       
Adaptive feedback       
1.6 Discussion  
The inclusion of mobile technology to support inquiry-based learning processes, has 
provided ubiquitous opportunities for learners to carry out inquiry processes in a more 
self-directed way. However, little is known about the degree in which the type of mo-
bile activities in inquiry-based learning provide real opportunities for learners to exer-
cise their agency. Additionally, although research pointed out the need for tighter guid-
ance and scaffolding in inquiry-based learning and open ended processes (Alfieri et al., 
2011; Hmelo-Silver, Duyncan, & Chinn, 2007; Kirschner et al., 2006; Lazonder & 
Harmsen, 2016), there are not so many practical strategies for practitioners to enact the 
right balance between learner’s agency and scaffolding. Thus, this review provides a 
strategy to identify the level of agency support for a given type of mobile activity.  
In order to deepen our research in the learners’ agency (Bandura, 2001; 
Zimmerman, 1990) –an aspect considered to be essential for inquiry-based learning–, 
our analysis implemented a three-step process analysis. It started with a state-of-the-art 
analysis of the ubiquitous properties in existent mobile frameworks. It revealed that in 
the context of inquiry-based learning 12 types of mobile activities for inquiry-based 
learning can be found (see Appendix A). In a second step, to characterize learners’ 
agency 6 dimensions were defined. The dimensions consisted of: 1) learners’ control 
over the goals, 2) learners’ control over the content, 3) learners’ control over the ac-
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tions, 4) learners’ control over the strategies, 5) learners’ opportunities for reflection 
and 6) learners’ opportunities for monitoring their own learning progress. The last step 
is the actual analysis of the 12 types of mobile activities using the 6 agency dimensions. 
In Appendix B, while the types of mobile activities that support more learners’ agency 
are placed in the positive side, the ones on the negative side offer less opportunities for 
learners’ agency (or more scaffolding for learners). 
Table 11. Learner’s agency dimension for each type of mobile activities. 
 Learners’ agency dimensions 
Types of mobile activities goals content actions strategies reflection monitor 
Direct Instruction Location guidance       
Procedural guidance        
Metacognitive guidance        
Access to content Fixed content       
Dynamic content       
Data collection Cooperative data 
collection 
      
Collaborative data 
collection  
      
Peer-to-peer 
communication 
Social asynchronous       
Social synchronous         
Contextual support Augmented experience       
Immersive experience       
Adaptive feedback       
 
Continuing with the last step of the process, table 11 shows the results of the analysis. 
A tick in the table means that we have found a mobile activity in the studies that ena-
bles the control of the learner over a given agency dimension. Conversely, a cross 
means that there has been an evidence that a mobile activity limits or constraints the 
control of learners over a given agency dimension. This second case must be interpret-
ed with caution, because for some types of mobile activities a cross can have a positive 
interpretation with regards to the balancing of support of agency and scaffolding. One 
example is the agency dimension named content in relation to the fixed content type of 
mobile activity. This example shows an obvious limitation of learners’ agency while 
accessing fixed content, because the learner has no control over the content used for 
the inquiry as it is given by the teacher through the mobile technology. However, alt-
hough it limits agency, it is a great opportunity for teachers to provide content scaf-
folding in order to ensure that learners work with desirable concepts. This interpreta-
tion can be generalized for the goals, actions and strategies dimensions too, because in 
case the agency is limited or constrained it provides opportunities for guiding learners 
on their learning. For example, with mobile activities that support metacognitive guid-
ance learners will have certain degree of freedom, but usually the mandatory reflection 
moments guide or lead learners to specific learning goals. Similarly, the mobile activi-
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ties that support augmented experiences are suitable for learners to explore the envi-
ronment, making sure that they stumble upon some desirable concepts needed for 
their inquiry (often placed in a location or triggered to the learner at a given time). 
Another example, that shows how the analytical framework can be used to better 
combined scaffolding with learners’ agency can be seen in the adaptive feedback. The 
learners can have control over the inquiry activity but still will be asked to perform 
specific actions based on their previous performance. This, again, is another type of 
guidance through mobile technology. 
A different interpretation needs to be done for the reflection and monitoring agency 
dimensions. The meaning of the information in table 11 still represents the types of 
mobile activities enabling monitoring or reflection. But, unlike the other agency dimen-
sions, a cross in monitoring or reflection means that there is no technical support to 
monitor or to reflect about their progress. In this sense, techniques like e.g. Learning 
Analytics can provide means through their dashboards to enhance the support of the-
ses agency dimensions. The learners can trace and visualize their progress over time 
(Schwendimann et al., 2016) which allows them to monitor their progress. Such moni-
toring implies more control for learners over their learning to reflect and also to adapt 
their behaviour based on an informed decision. 
The analysis of the learners’ agency support through mobile activities can have im-
plications for educational practitioners. Through the analytical framework, they have 
more means to strategically design their mobile activities based on the agency support. 
It is possible to aim at specific dimensions of agency and to provide guidance for other 
dimensions in which learners have a deficit on. For example, learners with problems to 
focus on their learning goals should be supported with mobile activities that provide 
guidance on pursuing learning goals like e.g. direct instruction or fixed access to content. 
That is to say, those learners should not use mobile activities in which they have con-
trol over their learning goals like e.g. data collection or mobile activities that offer con-
textual support. With this in mind, it is up to the teacher to use the analytical frame-
work and design activities that first provide direct guidance and then later gradually 
design new ones e.g. based on contextual support of peer-to-peer interaction, in which 
they have a higher degree of agency. 
Taken together, the findings presented in this study, the analytical framework and 
the examples of how to use it, contribute to overcome the criticism about discovery 
learning processes or methodologies that enable more learners’ agency (Kirschner et 
al., 2006; Mayer, 2004). Because it presents practical instruments for practitioners to 
optimally balance learners’ scaffolding and agency through mobile technology, without 
jeopardizing the natural capacity of learners’ to be autonomous in their learning (Tan, 
So, & Zhang, 2012). These findings also align with the claims made in a recent meta-
analysis on inquiry-based learning, that pointed out the relevance of providing instruc-
tion and support during the inquiry-based process (Alfieri et al., 2011; Lazonder & 
Harmsen, 2016).  
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Finally, this analysis provides two main outcomes in relation to the state-of-the-art 
of mobile inquiry-based learning and its implications supporting learners’ agency. First, 
it provides a summary of the most typical types of mobile activities in inquiry-based 
learning, as well as the technological affordances used to enact them. The second out-
come of this review is the analytical framework that can be used by practitioners to 
design more balanced mobile activities in inquiry-based learning. This instrument al-
lows them to design mobile inquiry activities that gradually foster the different dimen-
sions of learners’ agency. Moreover, it helps to raise awareness about the potential of 
mobile technology to enable learners’ agency. In line with Vogel’s criticism (Vogel et 
al., 2009), the inclusion of mobile technology on inquiry-based learning is not enough 
to have autonomous and seamless learning processes. It requires agentic learners that 
make a step further and take control over their learning. To this end, our analytical 
framework and the analysis done contributed to identify and promote the inclusion 
and usage of suitable types of mobile activities that support learners’ agency. 
1.7 Conclusions 
This review aims at examining to what extend the use of mobile technology for in-
quiry-based learning supports and limits learners’ agency. To this end, 62 studies about 
mobile inquiry-based learning have been analyzed through the types of mobile activi-
ties included in their designs. In a second step of our evaluation, the analytical frame-
work extracted from the definitions of agency in the literature revealed 6 dimensions 
for learners’ agency (control over goals, over content, over actions, over strategies, and 
options for reflection and monitoring). These were used to evaluate 12 types of mobile 
activities derived from the direct instruction, access to content, data collection, peer-to-
peer interaction and contextual support type of mobile activities. As a result, the re-
view provides an indication of what aspects of the learners’ agency can be exercises 
with the different types of mobile activities (see Appendix B). Despite the exploratory 
nature, the contribution of this review is twofold: first it contributes to a systematic 
review of the types of mobile activities used in inquiry-based learning (see Appendix 
A). Second, it provides a preliminary analytical framework (see section 3) that can raise 
awareness about the role of mobile technology to support learners’ agency and scaf-
folding. 
There are several limitations associated to this study. The majority of the studies 
found were case studies because of the lack of a larger body of experimental research 
studies. This has made it difficult to draw conclusion about the effectiveness of these 
types of mobile activities supporting learners’ agency. Another limitation comes from 
number of articles analysed, which was not exhaustive. For example in our search we 
excluded the term discovery learning which was merged with inquiry-based learning in 
1998 (De Jong & Joolingen, 1998). Including this term in our research might be result-
ed in a more comprehensive list of analysed work. Also the reliability of the analytical 
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framework has not been discussed thoroughly and it suggests a follow up investigation 
to validate the agency dimensions. Additionally, the age range of the students and the 
relation between learners’ agency and scaffolding (without mobile technology) have 
not been taken into consideration. Nevertheless, these limitations do not alter the main 
outcome of the study. 
Recent meta-analysis on inquiry-based learning (Alfieri et al., 2011; Lazonder & 
Harmsen, 2016) have pointed out the importance of instruction and support in the 
inquiry process. The use of mobile devices for inquiry-based learning is able to foster 
different types of mobile activities combining a mix of instruction and agency for the 
learners. This review has distilled suggestions for such a combination to be successful. 
For example, the use of metacognitive guidance, as part of the direct instruction mo-
bile activities, provides a good balance between learners’ agency and learners’ scaffold-
ing. The dynamic access to content, as part of the type of mobile activities to access 
content, offers some chances for learners’ agency, but also helps to improve learners’ 
digital literacy skills. The type of mobile activities for contextual support provide some 
opportunities for learners to control aspects of their learning. Nevertheless, there are 
some types of contextual support that can undermine the learners’ control over the 
content and their actions. The last two types of mobile activities, data collection and 
peer-to-peer interaction, allow learners to have most of the control over their inquiry 
process. However, those types of mobile activities in order to be successful require a 
good combination and balance with the other three types of mobile activities: direct 
instruction, access to content and contextual support. 
Taken together, this review provides a preliminary work to better understand the 
influence of mobile technology on learners’ agency for inquiry-based learning. Several 
reflections emerge from this study advocating caution while finding the optimal sup-
port and balance between learners’ agency and scaffolding.  First, we advise for more 
teachers’ and learners’ reflection about the use and appropriation (Pachler, Cook, & 
Bachmair, 2012) of mobile technology for learning. Such reflection can improve the 
skills of self-identifying learning strategies and consequently lead to more genuine 
agentic learning (Song et al., 2012). Second, more experimental research is needed to 
find the optimal proxy for learners’ agency, not only for mobile inquiry-based learning 
but also in broader contexts. 
Finally, in the fast-growing field of wearable applications and sensor devices for re-
al world data collection and activity tracking, we foresee further possibilities for intelli-
gent support for inquiry-based processes. This will call for new analysis of learners’ 
agency, in which the study of learners’ agency done in this review could be taken as a 
basis for further improvements. 
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Chapter 2 
Supporting inquiry-based learning with Google 
Glass® (GPIM) 
 
 
 
 
 
This second part of the thesis looks into the design and implementation of tools to support 
inquiry-based learning. This chapter starts with the Google Glass for the Personal Inquiry 
Manager (GPIM), a Google Glass prototype to support better personal and meaningful 
learning processes. With widespread take-up of wearable devices in the last years, a new 
genre of educational technology is appearing to enhance contextualized learning. The 
GPIM is a Google Glass prototype for Inquiry-Based Learning (IBL) that aims to bring 
learning to the next level providing a more seamless experience, supported in an unobtru-
sive way and just in time.  
 
 
This chapter is based on:  
Suárez, Á., Ternier, S., Kalz, M., & Specht, M. (2015). Supporting inquiry-based learn-
ing with Google Glass (GPIM). Interaction Design and Architecture (s) Journal, 24, 
100-110. 
and 
Suárez Á., Ternier S., Kalz M., & Specht M. (2014) GPIM: Google Glassware for In-
quiry-Based Learning. In: Rensing C., de Freitas S., Ley T., Muñoz-Merino P.J. (eds) 
Open Learning and Teaching in Educational Communities. EC-TEL 2014. Lecture 
Notes in Computer Science, vol 8719. Springer, Cham. 
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2.1 Introduction 
Given the role that science, technology, engineering, and math (STEM) have in stimu-
lating innovation, development of new products and economic growth, it is important 
to tackle the shortcomings of STEM learning which have been pointed out in several 
studies (Ally, 2009). Latest PISA results show huge differences between countries in 
terms of performance in science and mathematics. In the European countries a general 
decrease of abilities of mathematics skills has been identified (Tienken, 2013). Inquiry-
based learning (IBL) is suggested as an approach to spark students’ curiosity in general 
and specifically on science topics. IBL has been widely recognized in science learning 
as a successful and promising approach as mentioned, for example, in the report of the 
European Commission “Science Education Now: A renewed pedagogy for the Future 
of Europe” (Commissie, 2007). In the European project weSPOT5 a consortium is 
currently establishing an infrastructure to support IBL with digital technologies. In this 
paper an implementation for Google Glass is introduced. Example workflows of IBL 
activities are provided and we argue why technology can be sometimes an obstacle 
rather than a support. We introduce the Personal Inquiry Manager (PIM), the Glass-
ware PIM (GPIM) and provide a discussion on future developments and evaluation. 
2.2 Background 
IBL is a pedagogic and teaching approach grounded in constructivism, advocating 
students to follow their own learning path to build and organize knowledge. On the 
one hand, it allows students to take the role of scientist as they investigate issues aris-
ing from their curiosity. On the other hand, this approach changes the role of teachers 
from the lecturer to a facilitator who analyzes and guides the learning process of stu-
dents. Thus teachers become focused on organizing the learning process, fostering 
students’ curiosity and supporting the cognitive development of the students (Piaget, 
1952). Students develop knowledge and understanding of scientific ideas as well as an 
understanding of how scientists study the natural world (Anderson, 2002). 
                                                        
 
5 weSPOT Project - IST (FP7/2007-2013) under grant agreement N° 318499 
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Figure 2: Inquiry-based learning model from weSPOT. 
weSPOT (Specht, Bedek, Duval, Held, et al., 2012) is a European project which aims 
at fostering scientific inquiry as the approach for science learning and teaching, linking 
everyday life with science teaching in schools using technology. weSPOT uses IBL as a 
methodology to support personal curiosity, experiences and reasoning. It has the fol-
lowing three underlying objectives:  
• implement a working environment that allows the easy linking of inquiry activities 
with school curricula and legacy systems 
• create a diagnostic instrument for measuring inquiry skills 
• work out a reference model to foster IBL skills.  
 
The IBL model of the weSPOT project consists of six phases (Specht, Bedek, Duval, 
Held, et al., 2012) as shown in Figure 2. The learning activities in each phase are linked 
to the skills that students develop when performing the learning activities. Amongst 
other skills, reflection is placed at the center of each inquiry phase and considered as an 
integrated process of every inquiry activity. Reflection is vital in every moment of the 
inquiry, as students need to reflect upon the question, hypothesis, and even upon data 
collected, in order to proceed with the following steps in the inquiry. In addition, there 
is bidirectional communication between the different inquiry phases, meaning that IBL 
phases can be performed without any order restriction depending on students or 
teachers’ needs. The 6 phases in detail are the following: 
1) Students very often start formulating questions or presenting ideas that make them 
curious. These questions can arise from a theoretical foundation or from direct 
natural observations where students experience a moment of curiosity (wonder 
moment). 
2) Operationalization enables learners to define the concepts and ask themselves what 
they know already about the topic. But they also need to understand how to meas-
ure the empirical observations that will take place in the data collection process. 
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3) In the data collection phase, learners collect evidences by taking pictures, recording 
videos, audio recordings or notes. These observations will help students to deter-
mine in the next phase if their assumptions where correct or not. 
4) Data analysis involves treating, exploiting and inspecting the data collected. Once 
the data is cleaned, students check the results and they compare them with the as-
sumptions they made in the first phase. At this stage of the inquiry, learners can 
draw conclusions from the analysis.  
5) Once the analysis is done, students do an interpretation of their conclusions, which 
will help them to describe the relevance of their inquiry. The outcomes must be re-
lated to previous research or modify current assumptions based in new evidences. 
6) The last phase of the process is communication, where results, findings and con-
clusions are shared or published with colleagues or stakeholders who may use these 
results afterwards. 
 
This model has led to the design of the Personal Inquiry Manager (PIM), an applica-
tion for Android and iOS that supports mobile access to inquiries out of the class-
room. The PIM has been designed to enable data collection and instant messaging in 
context, but it also provides affordances to organize awarded badges and questions. 
Based on the pedagogical framework that weSPOT provides, the PIM was designed to 
facilitate more self-directed learning as it enables students to set up personal meaning-
ful inquiries.  
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Figure 3: The weSPOT services used by the PIM. 
Within the scope of this article, the weSPOT services used by the PIM with three oth-
er system components are relevant (see Figure 3): 1) the Inquiry Workflow Engine, the 
ARLearn data collection service [7] and the Badge Rewarding system: 
1) The Inquiry Workflow Engine (IWE) is based on an open source social network-
ing, ELGG. It has been designed as the backend of weSPOT tool suite. It provides 
affordances to support all inquiry phases based on widgets and also inquiry com-
ponents like the data collection task module, chat widget interface, etc. Besides the 
browser based front-end, the IWE offer a complete RESTful API to enable bidi-
rectional interactions with clients like PIM or GPIM, which will be introduced later. 
2) ARLearn is an open source tool suite for educators and students, to organize mo-
bile serious games (Ternier et al., 2012). Like IWE, ARLearn features client/server 
architecture. The ARLearn data collection service exposes its functionality via a 
RESTful API in order to give access to third party applications developed for in-
stance for android, iOS or Google Glass. 
3) The Badge Rewarding system was developed on ELGG to assess students on the 
inquiry process. The system allows teachers to create, award and list badges per 
student and inquiry and it offers its functionality via RESTful API. 
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Figure 4: Inquiry Workflow Engine (left) and the Personal Inquiry Manager (right). 
The PIM is an application that complements the IWE with data collection functionali-
ty. It provides affordances to collect images, videos, audios or texts in context, which 
enables more meaningful and autonomous inquiries. The PIM has been downloaded 
and installed more than 150 times and is currently used in several weSPOT pilots. 
However, from these experiences we realized situations where having the smartphone 
on your hands block the students on the inquiry process. These situations arise when 
students need to take measurements or notes while they use their hands to manipulate 
or to operate other tools. Therefore, we suggest a solution to enable data collection 
without having the technology in the way. 
2.3 Extending PIM for Google Glass 
Currently, tools like (PIM) are following the so-called Tricorder interaction pattern. 
The Tricorder is a mobile device from the Star Trek science-fiction television series 
(1966-1969) that features scanning an environment and that provides information 
about that environment. A key characteristic of this pattern is that the Tricorder is a 
handheld device that the user waves in the direction of interest. This leads to the 
suboptimal situation in which the mobile device is always in between the user and the 
real world. As an alternative to this approach HUD has been developed. A HUD pro-
jects information into the visual field of the user. The cockpit of a fighter-jet is proba-
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bly the best know example of a HUD and was introduced in the 1950s. This manu-
script presents a first version of the PIM build on wearable HUD, like Google Glass. 
With the availability of Google Glass, it is possible to translate applications that adhere 
to a typical Tricoder interaction patterns (i.e. PIM) into a HUD pattern (i.e. GPIM). 
Google Glass is an optical head-mounted display (OHMD). It was developed by 
Google Inc. to offer an innovative kind of wearable device that allows its users hand-
free interactions. In the scope of this article, we contribute to the IBL research com-
munity with the first application for Google Glass to support IBL. Therefore, we pre-
sent a Google Glass native application (Glassware) to support IBL. 
The Glassware Personal Inquiry Manager (GPIM) is an extension of the PIM. It 
enables first view data collection processes where the technology is always ready with-
out blocking the student experience. The PIM was meant to be more flexible as it 
supports different kinds of inquiries regarding their structure, the type guidance or the 
topic. For instance, guided inquiries where teachers through the tool give instructions 
to students or open inquiries, where students research their own wonder moments are 
well covered. In contrast, the GPIM offers a more concrete approach. In this case a 
personal and guided inquiry is always supported, because the linear process begins 
from students’ curiosity, capturing a wonder moment, and always continues with the 
data collection phase. Although they were designed from different perspectives, they 
can be used together. For instance, when a student is responsible for tasks like being 
the reporter of the activity. GPIM allows the student to do whatever is needed in the 
PIM, such as send a message or take measures, while the student is also recording a 
video to report about the activity. This becomes interesting in current research on IBL 
that is featuring roles to facilitate their engagement in the process, because different 
roles can be supported at the same time.  
Since IBL is a collaborative development, the individual and personal contributions 
become important for the group, because it might provoke asymmetry of knowledge 
among students within the inquiry. Differences in how students see or understand a 
specific topic generate content and knowledge negotiations, which will help students to 
acquire higher levels of understanding in the subject matters. Thus, characteristics of 
wearable devices such as first view perspective, better support students explaining their 
points of view and to recall these moments as they have exactly had them. 
As shown in Figure 5, through Google Glass users see a card on the right top cor-
ner of their field of view. Google Glass has a touchpad placed on the right side of the 
device. By swapping backward and forward the user is able to navigate between the 
cards of the application.  
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Figure 5: Learners' perspective from the Google Glass. 
2.3.1 Requirements for personal mobile technologies in learning 
Designing mobile technology to support activities in the field can be challenging, how-
ever Sharples Sharples (2000) suggests some concrete requirements for this purpose. 
He highlighted the role of new technology as a supplement, offering students quick 
access to their information over long periods of time and relates near-unlimited infor-
mation to the context. The following list identifies some key requirements (Sharples, 
2000) for mobile IBL:  
1) Sharples defines high portability as a technology requirement for being available 
wherever the student needs to learn. This is an essential requirement in mobile IBL, 
where data collection becomes important in context.  
2) Unobtrusiveness while supporting mobile IBL processes is relevant for science 
inquiries situations in the field. Especially when students need to collect data while 
they manipulate other tools at the same time.   
3) The individuality requirement defined by Sharples, states that technology must be 
designed to adapt to learner’s abilities and to support personal and more meaning-
ful learning. 
4) Technology must be provided intuitively for people without experience. 
 
Insights based on Sharples’ requirements make it possible to investigate whether 
GPIM address to these requirements. 
2.3.1.1 Seamless learning 
Wong and Looi (2011) presented a framework for seamless learning. They based their 
framework on an analysis of literature about MSL (mobile-assisted seamless learning). 
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Out of the analysis, ten features that characterize the seamlessness of a design were 
identified. The following two fit into our approach: 
• Encompass formal and informal learning: technology has the affordances to create 
links between informal and formal learning by connecting curricula content with 
everyday life activity and experiences.  
• Across time & location: traditional learning takes place in specific settings and con-
texts. Using mobile and wearable technology information is no longer time and lo-
cation dependent. That means students are able to learn anywhere at any time.  
 
As it was pointed out in Eliasson (2013) the HCI design process can be faced from 
different perspectives. In an earlier publication we have reported challenges connected 
to the HCI design patterns (Lamantia, 2009) for educational AR applications (Specht, 
Ternier, & Greller, 2011).  
2.3.1 Implementation of the GPIM 
The GPIM has been designed as an extension of the PIM to better support data collec-
tion processes. As a wearable (and mobile) device it only supports phases that can be 
usually done in context, such as having a wonder moment or collect data. Thus none 
of the other phases of the IBL model have been included. As it was explained at the 
beginning of the chapter, the GPIM starts from the collection of wonder moments. 
The first screen, on Figure 6, supports the capturing of wonder moments and it acts as 
a trigger that fits the user’s mobile workflow. The user experiences a moment of curi-
osity and starts the application to capture it. To activate the GPIM the student will not 
need to interact physically with the device. Just in time and in an unobtrusive way stu-
dents are able to use their voice to start a new inquiry by using “Ok Glass, new in-
quiry” command. 
 
 
Figure 6: 1) Capture wonder moment, 2) record hypothesis and 3) collect evidences. 
During this initial phase, the user makes a statement about what he or she wonders 
about. For instance, a student realizes that some shadows are larger in the afternoon 
than in the morning. From a teacher’s perspective, the collection of these wonder mo-
ments can be a source of inspiration to develop new inquiries or activities. Following 
the example of the trees, a teacher can design a lesson about the rotation of the Earth 
around the Sun. 
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However, it is difficult for novice students to reach those wonder moment situations 
by themselves. Therefore, they need examples or models to use as source of inspira-
tion for training then to capture their wonder moments. As a solution, we suggest an 
inference method called backward chaining, to explore the potential benefits of work-
ing backwards from the goals (Van Merriënboer & Kirschner, 2012). In this case, the 
goals are either the data collected in early demo inquiries or the hypotheses made by 
teachers' beforehand. Thus, the GPIM supports inquiry skills development through 
guided inquiries performed in first-view perspective. 
Once the user has captured the wonder moment, he/she needs to come up with a 
hypothesis that they would like to refute within the inquiry process. Thus the GPIM 
enables contextual reflection since students have to come up with a hypothesis in con-
text. An example, following the earlier case of a wonder moment could be: (1) ‘is it 
possible to calculate the height of other objects that cannot be measured easily such as 
trees’. And then the consequent hypothesis: (2) ‘students can compare two trees meas-
uring their shadows’.  
The next step is data collection. The goal is to collect evidence, which helps stu-
dents to refute or accept their hypothesis. The data collection process begins with 
displaying three options, which represents the three different types of data that can be 
collected from GPIM. The following figure presents how the options are listed to the 
user (Figure 8). After data has been captured, the data collection screen shows the 
number of items collected and also a new option is available in the menu (Figure 7).  
 
 
Figure 7: Workflow of the GPIM. 
The GPIM provides affordances for teachers to orchestrate the inquiry process. 
Teachers are able to track students’ progress as every collected item comes with the 
time and location metadata. From a student’s perspective GPIM enables communica-
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tion between them and also with teachers because it synchronizes data from all devic-
es. Therefore, students and teachers are able to see what others collected. 
The GPIM synchronizes all individual contributions with the IWE when the user is 
online. However, the nature of an inquiry will lead to users stepping in and out of 
zones of wireless internet. When no internet is available, the GPIM will continue to 
work in an offline mode, enabling the users to continue capturing and viewing data. 
This makes the GPIM suitable for every context, including areas without internet con-
nection. In addition, an inquiry can be an ongoing task. With the GPIM, inquiries 
spanning several days can be paused and resumed whenever the student wants. 
2.4 Discussion and future work 
The weSPOT project aims at fostering scientific inquiries linking everyday life with 
teaching, using technology and relating scientific concepts with curiosity, personal 
experiences and reasoning. The PIM was implemented for Android and iOS to sup-
port mobile IBL in context. However, the data collection process sometimes blocks 
the inquiry flow because there are specific situations that require students to interact or 
operate other tools along the inquiry process. Supporting data collection in these situa-
tions becomes a difficult task since students have to hold the smartphones in their 
hands. In this manuscript we present the GPIM as a solution. The GPIM is a native 
Google Glass application to support IBL enabling hands-free interactions with the 
environment. Since the process is supported from a first person perspective, the appli-
cation offers a more personal, meaningful and seamless experience to the students. 
The GPIM was designed following Sharples’ requirements for the design of personal 
mobile (wearable) technologies to support learning. The high portability and unobtru-
siveness mentioned by Sharples are present in the GPIM due to the fact that it builds 
on a wearable device that students can bring wherever they go without blocking their 
learning experiences. The individuality requirement relates to the fact that technology 
should adapt to the learner’s abilities. The GPIM supports individual and personal 
inquiries, in the sense that students performed inquiries based on their curiosity. 
During the experimental phase with the GPIM, more complex structures were pre-
sented to the users with the idea of offering a full control of the whole inquiry process. 
However, users got lost in the navigation between cards embedded in such deep tree 
structure. Additionally, the resolution of the screen did not allow for a proper pro-
cessing or analysis of the collected data. Thus, it can be concluded that the GPIM 
besides assisting learners in data collection processes, is suited to support and execute 
only standalone processes. 
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Chapter 3 
DojoIBL: online inquiry-based learning 
 
 
 
 
Making students more proficient in STEM subjects is essential for scientific innovation 
and the future knowledge society. DojoIBL is a web-based platform to support collabora-
tive inquiry-based learning processes. It imitates real-world research processes and organ-
izes inquiry activities into several phases. DojoIBL considers lessons learned from the 
weSPOT project and offers a cloud-based highly scalable infrastructure that has a strong 
focus on (mobile) data collection. In this sense, DojoIBL blends formal (desktop-based) 
learning and informal (mobile) learning. Within the course of 1 year, a design-based re-
search methodology was implemented in 10 national and international inquiry projects. 
Within this period, students were interviewed at regular times. Time and task manage-
ment issues turned out to be critical functionalities and were thus implemented in several 
iterations. 
 
 
 
 
 
 
 
 
This chapter is based on: Suárez, A., Ternier, S., & Specht, M. (2017). DojoIBL: online 
inquiry-based learning. In Proceedings of the 16th International Conference in Advances in 
Web-based Learning – ICWL 2017. Springer.  
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3.1 Introduction 
A learning process has been defined as a sequence of interdependent procedures that 
aim at transferring new knowledge from the working memory to the long-term 
memory Kirschner, Sweller and Clark (2006). Inquiry-based learning (IBL) builds upon 
this definition and establishes questions as a starting point of the learning process. 
Through a combination of formal and informal activities and a continuous exploration 
based on social interactions students generate new knowledge (Garrison et al., 1999; 
Scardamalia & Bereiter, 1991). IBL has been recognized by policymakers as an efficient 
vehicle to make students more proficient in STEM (Science, Technology, Engineering 
and Mathematics) subjects. Additionally, it has been considered essential for scientific 
innovation and the future knowledge society (Ally, 2009; Kuenzi, 2008; Tienken, 
2013). The usage of technology in the field of IBL has led to the development of solu-
tions like DojoIBL, an open source implementation that enables flexible structuring 
collaborative inquiry processes (Suárez et al., 2016)6. DojoIBL is a cloud-based rede-
sign of the weSPOT (Specht, Bedek, Duval, Held, et al., 2012) tool suite that has been 
conceived to address challenges like; scalability, seamlessly and flexible inquiry support, 
access to open educational resources (OER) and intuitive orchestration support. 
3.2 Inquiry design 
IBL is a complex process and its implementation in real scenarios imply several practi-
cal considerations. This manuscript has transformed these considerations into the 
following design challenges that have been addressed in DojoIBL. 
IBL is often based in ill-structured learning tasks that are open ended (De Jong, 
Kollöffel, Van Der Meijden, Staarman, & Janssen, 2005; Salovaara, 2005). It requires 
more support and structure than traditional educational setups. As an informal process 
students need freedom to investigate their essential questions, but they need closer 
process’s support and guidance. Unlike scientists, students do not have a structured 
mind-set with the steps needed for an inquiry process. Thus, technology can help to fill 
this gap and to provide guidance to master these inquiry structures. However, there is 
not a unique inquiry model that supports every essential question. Tools need to be 
flexible to embrace a very diverse variety of inquiry models. Additionally, designing 
these flexible inquiry processes from scratch can be challenging for teachers. Following 
an OER (Open Educational Resource) approach, DojoIBL offers templates for inquiry 
structures to be reused. 
Traditional Learning Management Systems (LMS) work with courses. When stu-
dents enrol in a course, they participate in a shared space in which everyone sees oth-
                                                        
 
6 This publication is included as Chapter 7 in this thesis. 
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ers’ contributions. To enable independent group work within a course, LMS use 
groups. In the context of IBL, collaborative group work has been proven to have posi-
tive influence of support on task and team regulation (Saab, van Joolingen, & van 
Hout-Wolters, 2012). So, it is especially relevant to allow teacher to organize and to 
regulate groups within an inquiry structure. DojoIBL provides a clear distinction be-
tween, the inquiry structure –similar to a course in a LMS– and the runtime –that re-
fers to the space in which students contribute–. This differentiation also facilitates the 
reusability of an inquiry structure. If a teacher wants to reuse only an inquiry structure 
with another group of students, there is no need to copy, to clone or to start a new 
inquiry from scratch, DojoIBL handles that very intuitively. 
From a technical point of view, the role of technology bridging the gap between 
formal and informal learning is a key feature. IBL, as a combination of formal and 
informal activities, requires contextual support. Therefore, tools need to bring students 
together providing a shared space to exchange e.g. instant messages or data collected 
when they are distributed across different places. An additional aspect when enabling a 
digital shared space for collaboration is scalability. Inquiry processes often have peri-
ods of high volume of data traffic, especially supporting in-field inquiry that requires 
sharing large amount of multimedia data files and simultaneous connections to the 
server. To address these challenges, DojoIBL provides a cloud-based scalable solution 
that bases its front-end in HTML5. The first characteristic makes DojoIBL to scale up 
when the number of users and their requests drastically increase at runtime. The sec-
ond one enables it to be run on a laptop or on a mobile device. This, in turn, can sup-
ports a large number of students exchanging information in a shared space while work-
ing in their collaborative inquiry projects. 
 
 
Figure 8: Catalogue of inquiry templates offered by DojoIBL to create an inquiry. 
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3.2.1 Flexible inquiry support 
An inquiry is a process with the aim to solve a problem, understand a phenomenon or to 
create knowledge. Scientific inquiry in empirical sciences answers the question of how 
phenomena are related. It is about cause-consequence relations, which can be tested in 
experiments. Recent literature (Pedaste et al., 2015) synthesized the most common in-
quiry cycles resulting in a framework that informs designers to model inquiry learning 
activities e.g. White and Frederiksen (1998) suggest an inquiry cycle consisting of 5 steps: 
(1) ask, (2) investigate, (3) create, (4) discuss and (5) reflect. Bruce and Bishop (2002) 
present a 5-step variation: (1) question, (2) predict, (3) experiment, (4) model and (5) 
apply, Llewellyn (2005) presents a slightly different 6-step model: Inquisition-acquisition-
supposition-implementation-summation-exhibition. Similarly, the weSPOT project has 
defined an IBL-model that consists of six –optional– steps. All inquiry models share a 
methodology that starts from a clearly formulated research question. Next they go to 
structured observations under operationalized well-defined conditions. However, one of 
the biggest challenges for teachers is to use these models in practice to create inquiry-
based learning lessons. They need to shift from teaching content into directing kids to 
find their own learning paths. Thus, they need inquiry structures/models for students to 
let them experience what inquiry-based learning is about. 
Tafoya, Sunal, and Knecht (1980) suggested four kinds of inquiry-based learning 
differentiating student autonomy. The first level is a confirmation inquiry in which 
students are provide both with the structure of the inquiry as well as the answers. This 
is useful to become familiar and to have a first experience with an inquiry process. 
Tafoya’s levels gradually go up to the fourth level (most challenging level for students) 
that is an open inquiry. Here students act like scientists, deriving a question, designing 
the operationalization and carrying out the investigation. 
There is quite a start-up cost involved for a teacher to create a first inquiry struc-
ture. An experienced teacher wants maximum flexibility and the possibility to define 
custom phases and activities. A novice will want to start with an existing inquiry struc-
ture. DojoIBL provides both options. It enables teachers to create an inquiry from 
scratch (Figure 8, the far left image) or a user can select an inquiry model that is availa-
ble in literature (Figure 8, the second and the third images). In this sense the tool takes 
into account lessons learned from Tafoya et al. (1980). A novice teacher can choose an 
existing -proven- inquiry structure and explore the demo activities that are offered. A 
more experienced teacher can create a custom structure and has full control over phas-
es and types of activities that are to be conducted within a phase. 
3.2.2 Orchestrating inquiry group work 
DojoIBL makes a clear distinction between the inquiry model/structure, and the 
runtime data that is produced by the learner. An inquiry structure can allocate various 
independent groups of students working with their own inquiry space. Each inquiry 
group (space) shares the inquiry structure (model), but participants in those groups can 
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communicate (Figure 9: the chat is in the right side) and work independently from 
other groups.  
 
 
Figure 9: Learner's view of an inquiry group. 
The students’ view has five screens; three (inquiry view, phase view and activity view) 
to visualize the structure and the content of an inquiry, the timeline view (section 3.2.3) 
and the calendar view (section 3.2.4). The inquiry view (Figure 9) shows the whole 
inquiry structure. Each block corresponds to a phase which is formed by inquiry activi-
ties. The colored borders represent the role responsible for each activity. 
The second screen (Figure 10) is the phase view. It is organized in three columns: 
to-do, in progress and completed. Students can drag and drop activities in between 
these columns to set the status of the activities. Motivating students to reflect upon the 
status of an activity is important for both student and teacher. The teacher gets an 
indication of progress students have made. A student group receives insight on their 
productivity and can reflect on what remains to be done. 
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Figure 10: Phase view of an inquiry group. 
The last screen is the activity view. It presents the individual activities and it works as 
the entry point for students to have discussions, upload data and generate content. 
3.2.3 Students’ awareness 
DojoIBL builds upon a powerful notification system that sends server generated noti-
fications to the desktop client, but also to Android and iOS devices. Notifications are 
broadcasted for various types of events. For instance, when a teacher alters or creates 
an activity, or when a student sends a new message a notification is sent. Once the 
notification arrives, it is visible for 2 seconds in right upper corner. When the user 
opens the notification, the corresponding information item (e.g. the chat) is opened. 
 
Figure 11: Timeline view of the inquiry group. 
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The timeline (Figure 11) keeps the user informed of what is going on in the inquiry. 
When a user is not online, some notifications will not be received (e.g. when a user 
comments on an activity). Rather than having the user to check all activities for up-
dates, the timeline lists progress for all activities. 
Timeline entries are organized by date, and thus give an easy overview of recent 
contributions possible. Clicking on an entry brings the user to the corresponding activ-
ity and provides more context information. For instance, it shows the message within 
the context of other messages in an activity. 
Students and respondents indicated that although this is helpful, they would like the 
notification system to integrate with their mailbox. Future implementations will con-
sider a configuration option to receive either an email each time something happens, a 
daily digest or no notifications at all. 
3.2.4 Time management 
During interventions with experts and teachers, time management was often pointed 
out as a crucial functionality. The DojoIBL calendar has been developed as a solution 
and it displays activity deadlines as a visual indicator of the tasks that lie ahead. The 
deadlines are defined at the level of inquiry group, so each inquiry group manages its 
time independently from the other groups. This enables better time management for 
groups and facilitates more self-regulated processes.  
 
 
Figure 12: Calendar view of an inquiry group. 
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3.3 The DojoIBL cloud-based architecture 
In a traditional physical deployment setting, an institute is responsible for acquiring soft-
ware and hardware to implement e.g. an LMS. With cloud computing, these resources are 
made available through a network. Hardware, software and data are made available on 
demand. Cloud applications come in three service models. Software as a service (SaaS) 
cloud applications offer an application to the customer. The cloud-based service provider 
offers this service (e.g. email, project management, customer relationship, …) to a cus-
tomer that can often configure the software to his needs. Platform as a service (PaaS) 
often standardised services (e.g. access management, data storage, database manage-
ment…) The service provider maintains the framework and infrastructure but often offers 
facilities for development in languages like Python, .NET or Java. PaaS customers do not 
get direct access to the operating system but operate with the definition of the platform. 
Infrastructure as a service (IaaS) introduces most flexibility but comes with more mainte-
nance for the customer. Infrastructure such as servers, network and data storage is offered 
to the customer that has complete freedom in how to use the hardware. 
DojoIBL has been developed to run using PaaS services and offers its functionality 
as SaaS cloud application. Building on a PaaS service comes with the advantage of not 
having access to the operating system, which lowers administrative burdens. The PaaS 
service offers unlimited access to both processing power and information storage. As 
more users use the system simultaneously, the system can allocate more servlet con-
tainers. The database is implemented as a schemaless NoSQL store that provides scal-
able retrieval and storage of data. 
 
 
Figure 13: Simplified DojoIBL architecture. 
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Figure 13 shows a simplified overview of the DojoIBL architecture. Application layer 
components have been developed either in AngularJS for web browsers or in Ionic for 
mobile devices. The front-end applications communicate with a REST based web 
service stack that is offered by the DojoIBL engine. All components in the business 
logic layer rely on third party services offered either by the PaaS system or by external 
providers. The mobile notification component, for instance, relies on external provid-
ers such as Google Cloud Messaging (GCM) to broadcast notifications to Android 
devices, while Apple Push Notifications (APN) sends notifications to iOS devices. 
The NoSQL database makes inquiries, groups and other objects persistent. The 
DojoIBL class diagram relates the most important classes that are required by the 
different components. After authentication by the weSPOT identity provider, user 
details are represented by an Account object.  Every user can create an arbitrary 
amount of Inquiries or can participate as a student in an Inquiry Group. The inquiry 
messaging component manages a chat. Through a Thread, a chat is bound to an In-
quiry Group. Within this group, users can post an arbitrary number of messages. The 
messaging component relies on the notification component to broadcast new messages 
to various devices. 
3.4 DojoIBL usage 
During the last year, the DojoIBL platform has been used in different types of collabo-
rative inquiry-based learning processes with almost 200 users including students, teach-
ers and researchers. During this period, a design based research approach was set up 
with several trials at Dutch and European level. Table 12 shows an overview of the 
inquiries conducted between June 2016 and March 2017. From the table, the structures 
of the inquiries designed vary from 2 up to 7 phases with a different number of activi-
ties per phase. For example, 12 students from the MP4 (Middle Program Year school) 
course at the International School of Eindhoven, carried out an investigation about 
World War 1 using the levels of Bloom’s taxonomy as phases (6 levels = 6 phases). 
The goal of the inquiry was to learn more about reading and listening comprehension 
skills through inquiry activities related to WW1. Within each phase -from Knowledge 
to Evaluation- students acquired understanding about their evaluation criteria for the 
inquiry, and they finished the inquiry applying the criteria in the context of WW1, e.g. 
reading and listening fragments from soldiers in the trenches. In another trial at the 
Agora school, DojoIBL was used to conduct an inquiry challenge to design the logo of 
DojoIBL. In this case the process was divided in two phases: the design and the im-
plementation phase. The tool was used to keep track of the decisions made and the 
improvements done in the logo. In a trial at the Open Universiteit, students carried out 
an inquiry with 7 phases. In this case, although it was not purely an inquiry, the 7 par-
ticipants used DojoIBL as a personal space to discuss and receive feedback about their 
PhD. Each phase was assigned to each participant, and each of them was responsible 
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for creating discussion activities to brainstorm about their topics. In addition to the 
flexible inquiry structure support, table 13 shows a great variety of group work ar-
rangements. For instance, continuing with examples described, different configurations 
of groups can be found. The first two trials –at the school in Eindhoven and Agora– 
only have one group defined, while the third trial has two groups of 6 students each. In 
this case, they follow the same Bloom’s taxonomy structure but they worked inde-
pendently at a different pace. Ultimately, these examples illustrate the flexibility of 
DojoIBL supporting very diverse inquiry processes.  
In order to get more insights about the users’ experiences in DojoIBL, and to as-
sess its effectiveness in collaborative settings, questionnaires and semi-structured inter-
views were distributed during schools’ and university’s trials. At the University, experts 
in IBL showed a great degree of acceptance –UX scores were high–. Moreover, the 
experts’ feedback led to significant improvements in the DojoIBL interface –
implementing a better inquiry structure overview– that were discussed in chapter 2.2 of 
this manuscript. In the school context, preliminary results about the group efficiency 
showed high scores in the ‘coordinating’ and ‘trust’ scales, while the ‘personal under-
standing’ and ‘adapting’ scales did not score so well. Since there was no experimental 
group and the population was limited, interpretations have been taken cautiously. Nev-
ertheless, qualitative data from the semi-structured interviews with students confirmed 
the general positive acceptance and the adequate support that DojoIBL provides for 
the collaborative inquiry process. 
Table 12: Information about the recent usage of DojoIBL in real scenarios. 
Organization – duration – topic Users Structure Messages – 
Comments 
Open University – 2 weeks 
Internal organization 
19 researchers 
(4 groups) 
Phases: 5 
Activities: 45  
M: 512 – C: 407 
Int. School Eindhoven – 1week 
Ancient Rome 
34 11yo-students 
(18 groups) 
Phases: 4 
Activities: 7 
M: 206 – C: 39 
Int. School Eindhoven – 4 months 
Spanish Satirical Magazines  
2 17yo-students Phases: 4 
Activities: 25  
M: 182 – C: 282 
Int. School Eindhoven – 3 months 
World War 1 
12 13yo-students 
(2 groups) 
Phases: 6 
Activities: 28 
M: 185 – C: 59 
Int. School Eindhoven – 2 months 
Spanish Language Learning 
28 9yo-students 
(12 groups) 
Phases: 3 
Activities: 18 
M: 949 – C: 314 
Open University – 3 months 
‘PhDs Round Table’ 
7 researchers Phases: 7 
Activities: 12 
M: 173 – C: 42 
Workshop with Teachers – 1 day 
DojoIBL Demo 
40 teachers Phases: 6 
Activities: 20 
M: 2 – C: 3 
Agora School – 1week 
Design DojoIBL Logo 
4 13yo-students Phases: 2 
Activities: 4 
M: 12 – C: 14 
Escola Sadako – Planned 
International Exchange 
40 14yo-students Phases: 3 
Activities: 12 
M: 0 – C: 0 
Agora School – Planned 
International Exchange 
12 14yo-students Phases: 6 
Activities: 10 
M: 0 – C: 0 
Total 199   
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3.5 Conclusion 
Inquiry-based learning (IBL) has been suggested as an efficient approach for STEM 
subject teaching, however it is a complex endeavor for teachers and students to im-
plement in real settings.  
This manuscript has collected results in the field of IBL and has transformed them 
into design challenges that have been addressed in DojoIBL. As a result, a flexible 
cloud-based solution with special focus on process structure, simplicity, awareness and 
time management has been implemented. The design-based research approach took 
place in close collaboration with schools’ stakeholders. After 10 Dutch and European 
trials with 200 students including teachers, students and researchers, DojoIBL has 
finally reached a stable phase. Currently, a road map – integration of learning analytics, 
fully mobile support among others – and several school interventions are planned in 
the context of the LA4S and the Elite European projects. 
All in all, the retrospective evaluation of DojoIBL after one year of work is promis-
ing. The users’ feedback confirmed that DojoIBL could assist teachers and researchers 
to shape new effective collaborative inquiry structures in which students generate more 
individual and collective meaning. This, together with the non-project basis mainte-
nance culture, has led DojoIBL to a sustainable model that encourages the team to 
strive for a scaling-up phase. 
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Chapter 4 
DojoAnalytics: A Learning Analytics 
interoperable component for DojoIBL  
 
 
 
 
This chapter provides a new functionality for DojoIBL to enable learners and teachers to 
monitor their performance through Learning Analytics dashboards. Since DojoIBL ex-
pands the learning process beyond the classroom walls and brings it to an online setting, it 
requires teachers and learners to have more means to track and to follow up their progress. 
Learning Analytics dashboards provide such functionality in form of meaningful visuali-
zations. In this chapter the DojoAnalytics module is presented as a way to connect DojoIBL 
with third party Learning Analytics dashboards. In order to demonstrate interoperability 
with the external dashboards, two use case implementations will also be described. 
 
 
 
 
 
 
 
 
 
This chapter is based on: Suárez, A., Ternier, S., Helbig, R., & Specht, M. (2017). Do-
joAnalytics: A Learning Analytics interoperable component for DojoIBL. In Proceed-
ings of the 16th World Conference on Mobile and Contextual Learning, mLearn 2017. 
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4.1 Introduction 
The Community of Inquiry (CoI) framework (Garrison, Anderson, & Archer, 1999; 
Pardales & Girod, 2006) has defined collaborative Inquiry-based learning (IBL) pro-
cesses as a continuous exploration of a topic, in which learners engage in social interac-
tions to generate shared understanding. To provide support to these collaborative 
processes, the DojoIBL platform (Suárez et al., 2016)7 has been developed. It is an 
interoperable and cloud-based solution that provides to the teachers and to the stu-
dents a flexible way to orchestrate, organize and communicate within their inquiry 
community. DojoIBL supports these communities in two ways: facilitating a seamless 
support of the inquiry learning process, and connecting inquiry learning activities in-
side and outside the classroom. It is also a reference point for the members of the 
community to exchange, share and discuss content. The use of tools like DojoIBL, 
that can also be accessed through mobile technology, expands the learning process 
beyond the classroom walls and brings the discussion to the online environments. This 
transition requires specific technical support to monitor and to visualize students’ 
performance. Students need more scaffolding and means to reflect upon their pro-
gress, and the teachers need more control about group and individual performance of 
the students. 
In order to provide means for further reflection of students and more control for 
teachers, DojoIBL integrates Learning Analytics (LA). Since DojoIBL does not offer 
this functionality on its core components, we need to interoperate with other third 
party solutions that offer LA dashboards. Thus, this manuscript presents DojoAnalyt-
ics, a component that works as a proxy to exchange information with external LA 
dashboards. Enabling this exchange of information, however, requires interoperability. 
This term is described in the IEEE glossary8 as the ability of a system to work with 
other systems without special effort on the part of the customer and through the im-
plementation of standards. 
Taken together, this study seeks to demonstrate interoperability between DojoIBL 
and other third-party systems like: the Lemo Tool (Fortenbacher et al., 2013) –a Learn-
ing Analytics dashboard– and the Learning Locker9 –a cloud-based Learning Record 
Store–. The Lemo Tool is a standalone platform that provides LA and visualizations 
for Learning Managements Systems (LMS). The Learning Locker is a massive scalable 
database to store, analyse and visualize learning data. 
To this end, the study is structured as follows. First, the reason of adding a new in-
teroperable component to support Learning Analytics in DojoIBL is presented. In 
section two, the DojoIBL platform, and the theoretical background of DojoIBL and 
LA are described. Next, in section three, the technical architecture and its new Dojo-
                                                        
 
7 This publication is included as Chapter 7 in this thesis. 
8 https://www.ieee.org/education_careers/education/standards/standards_glossary.html#Interoperability 
9 https://learninglocker.net 
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Analytics component are described from a macro, meso and micro level perspective. 
Section four demonstrates DojoAnalytics interoperability by describing two use case 
implementations with third-party systems. Last, the limitations and conclusions around 
these integrations are described.   
4.2 Background 
4.2.1 Communities of Inquiry 
The notion of Communities of Inquiry (CoI) was first used by Pierce to refer to a 
group of individuals employing interpersonal methods for arriving at results (Pierce, 
1955). Since then, many authors have adopted and embedded this concept into social 
studies in education (Pardales & Girod, 2006). For instance, the Knowledge Building 
approach defined learning as an unpredictable process of generation of ideas within a 
community of learners (Bereiter & Scardamalia, 1989; Brown & Campione, 1996). In 
the context of inquiry-based learning, this concept of community transforms the learn-
ing process into a co-construction of knowledge in order to achieve understanding 
around a shared question. The Knowledge Community and Inquiry (KCI) model 
(Slotta, 2013; Slotta & Najafi, 2010; Slotta & Peters, 2008) defined inquiry as the collec-
tive process of advancing teachers and students’ knowledge and understanding, 
through the negotiation of their learning goals. In this study, the term Community of 
Inquiry will refer to a community (of learners) engaging in social interactions (face to 
face or online) in order to generate shared understanding of a topic of their interest 
(Garrison et al., 1999; Piaget, 1959; Pierce, 1955). 
Under the umbrella of the Communities of Inquiry framework, several authors de-
fined what they called four essential components to an educational transaction. First, 
the social presence (Rourke, Anderson Garrison & Archer, 2007) is defined as the 
ability of the learners to position themselves in the community of inquiry and develop 
socially and affectively. Second, the cognitive presence (Garrison, Anderson, & Archer, 
2001) describes the learners’ capacity to construct and confirm knowledge through 
sustainable communications with the other members –learners– of the community of 
inquiry. Third, the teaching presence (Anderson, Liam, Garrison, & Archer, 2001) 
relates to the process of giving support and direction along the learning process in 
order to achieve the desired learning outcomes. Last, the metacognitive presence 
(Akyol & Garrison, 2011) intends to provide knowledge, awareness and strategies to 
reflect upon their own learning processes through the three following dimension of 
metacognition: knowledge of cognition, monitoring of cognition and regulation of 
cognition.  
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4.2.2 DojoIBL 
DojoIBL10 (Suárez et al., 2016; Ternier et al., 2012)11 is a cloud-based solution that 
provides flexible support for activity-based methodologies like inquiry-based learning. 
It can be accessible from both mobile technology and desktop devices. DojoIBL struc-
tures communities of inquiry and provides means for teachers and students to easily 
orchestrate and organize these communities. DojoIBL has been designed upon four 
essential pillars to any learning process based on ill-structured activities (De Jong et al., 
2005; Salovaara, 2005): flexible structural support, orchestration and group manage-
ment, learners’ awareness and monitoring and time management. 
 
 
Figure 14: Student’s view of two phases and the activities of an inquiry structure. 
                                                        
 
10 https://dojo-ibl.appspot.com/ 
11 This publication is included as Chapter 7 in this thesis. 
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4.2.2.1 Flexible support for the inquiry structure 
Scientific inquiry in empirical sciences answers complex questions following step-by-
step processes. In inquiry-based learning, the learners, guided by their teachers, follow 
existing inquiry models to support their inquiry processes. Tools like DojoIBL, help 
them to visualize those inquiry processes. In the case of DojoIBL, the inquiry process 
is organized in phases and inquiry activities (see Figure 15). The phases arrange the 
inquiry activities together, and the inquiry activities define what the students need to 
do. In inquiry-based learning, there is a large number of inquiry models defined in the 
literature (Pedaste et al., 2015), and certainly many more will be created. DojoIBL 
provides a flexible way to support any type of inquiry structure. Figure 14 shows the 
dashboard for editors in which they can add (green button) and remove (red button) 
phases, but also add (yellow button) inquiry activities. DojoIBL also includes a cata-
logue with inquiry models extracted from literature.  Thus, teachers starting with IBL 
can have some initial guidance, while more advanced teachers can explore their own 
inquiry structures. 
4.2.2.2 Orchestration 
Having multiple inquiry structures requires a lot of management and orchestration 
effort for the teachers. Enabling an efficient teaching presence (Anderson et al., 2001) 
is one of the goals of DojoIBL. To cope with this, DojoIBL separates the inquiry 
structures, that contain the inquiry activities and phases, and the inquiry groups that 
contain the participants (teachers and students). This is similar to the concepts of 
learning design and run of learning design in the IMS Learning Design (IMS-LD) speci-
fication (IMS Global Learning Consortium, 2003). IMS-LD is a pedagogical standard 
to describe technology supported pedagogical scenarios and its instructional design 
models. In IMS-LD a learning design focuses on the organization of the learning activ-
ities, while a run of learning design is comparable with a parallel class in a school, in 
which the same objectives and content are taught but the learners and the teacher are 
different. Likewise, the inquiry activities and phases of an inquiry structure can be used 
by different inquiry groups of learners and teachers. This provides management power 
to the teacher to provide the same inquiry structure to different inquiry groups. An 
inquiry structure can allocate an unlimited number of inquiry groups working inde-
pendently from each other, i.e.: sending messages, posting comments, visualizing their 
own timeline, etc. To simplify the process of assigning students to inquiry groups, each 
new inquiry group comes with an inquiry code that is used by users to join the inquiry 
(see Figure 15).  
The integration of LA can be especially suitable for teachers to enhance orchestra-
tion and management of the inquiry processes. LA can help teachers to visualize learn-
ers’ performance in the different inquiry groups, giving them the opportunity to pro-
vide guidance to the learners exactly when is needed it. It also provides options for 
teachers to reflect about the effectiveness of the inquiry activities, because they can 
visualize their usage across the different inquiry groups.  
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Figure 15: List of inquiry groups for one inquiry structure. 
4.2.2.3 Learners’ awareness and monitoring 
Inquiry-based learning is based upon the concept of communities of inquiry. There-
fore, the learners must have opportunities to collaborate efficiently. Learners need to 
communicate and to be aware of both, the changes in the inquiry structure and in the 
inquiry group. For this reason, DojoIBL implements a powerful notification system 
that increases learners’ awareness about the inquiry process. Both the chat messaging 
and the timeline rely on the notification system. On the one hand, chat messaging 
enables instant communication among the participants of the inquiry group, and it 
supports the social (Rourke, Anderson, Garrison & Archer, 2007) and the cognitive 
(Garrison, Anderson, & Archer, 2001) presence in the inquiry community. On the 
other hand, the timeline organizes the most recent contributions within each inquiry 
group (see Figure 16). The timeline is also helpful for teachers to monitor learners’ 
progresses. An implemented filter enables teachers to focus on one student at the time 
and visualize his/her individual activity on the timeline.  
Within the context of Communities of Inquiry, exchanging messages among partic-
ipants in the communities is key for a fruitful co-creation of knowledge (Garrison, 
2015). LA can provide means for gaining more knowledge about the social presence 
involved in inquiry the inquiry processes. It offers both, qualitative analysis, like i.e. 
social learning analytics (Shum & Ferguson, 2012) or social network analysis that show 
a summative visualization of social interactions during an inquiry process. All in all, LA 
can help to understand the social presence (Rourke, Anderson, Garrison & Archer, 
2007) of an inquiry community better. 
 
 
Chapter 4 
78 
Figure 16: Left: Timeline show the last comments. Right: Chat messages sent to the inquiry group. 
4.2.2.4 Time management 
In methodologies based on ill-structured activities like inquiry-based learning, it is 
essential to help learners to make an efficient use of their time. For this reason, Do-
joIBL has integrated a calendar functionality that shows the activities that are due soon 
(see Figure 17). Although different inquiry groups can share the inquiry structure, each 
inquiry group can set its own deadlines for activities. This means that even though they 
use the same inquiry structure, groups can work at a different pace. This concern about 
learners’ time management, can be further supported with the integration of LA. It can 
give important information to the learners and the teachers to identify inefficient use 
of the time during the inquiry process. LA provides a point for reflection, in which the 
expected and the actual progress can be compared. The progress can be defined as 
number of activities move the completed and checked by the teachers or facilitator. 
This point for reflection can support the metacognitive (Akyol & Garrison, 2011) 
presence of the Community of Inquiry framework. 
 
 
Figure 17: The calendar for an inquiry group shows two activities. 
Overall, during the last year DojoIBL has followed a design-based research approach 
in close collaboration with schools and teachers. It has been used in 10 national and 
international projects by more than 250 users that generated over 2000 contributions 
and more than 4200 messages. However, in most of the scenarios the lack of a com-
prehensive overview of the inquiry processes was pointed out. This, together with the 
discussed potential of LA, the increasing adoption of DojoIBL to support communi-
ties of inquiry and the feedback given by users, encouraged the integration of Learning 
Analytics in DojoIBL. 
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4.2.3 Learning Analytics (LA) 
The NMC Horizon Report: 2013 Higher Education Edition12, suggests that Big Data 
when discussed in an educational context becomes Learning Analytics (LA). LA is a 
process that involves the harvesting, preprocessing, modeling, visualization and predic-
tion of future states of an educational situation (Siemens, 2010). LA has been defined 
as the process of collecting traces that learners leave behind and using them to im-
prove learning (Duval, 2012). However, to enable such collection and improvement of 
learning through Learning Analytics, three main elements are required. First, there is 
need to have a source system that logs users’ traces. This can be an online learning 
platform, like DojoIBL, or a wearable device to collect multimodal data, like Fitbit13. 
Second, these traces need to be stored properly in a repository for learning records, 
called Learning Record Store (LRS). A LRS is a massively scalable database designed 
for allocating large amounts of learning experiences. A learning experience is a learning 
moment that is defined following the xAPI14 specification as: Actor, Verb, Object and 
Result. This xAPI specification is an interoperable learning technology that describes 
communication about learners’ activities and experiences between different technolo-
gies. Currently, one of the biggest concerns in xAPI is the lack of syntactic and seman-
tic interoperability. A recent study (Berg, Scheffel, Drachsler, & Specht, 2016) advo-
cates the need to implement standards to have  international shared definition of the 
xAPI specification. Additionally, the study presents a set of best practices and design 
patterns in form of xAPI recipes. Third, in order to inform the final users in a readable 
way, the LA dashboards are needed. They convey to the final user a comprehensive 
visualization of the learning experiences that very often are enhanced with filtering and 
sorting functionality to facilitate interpretations. 
Given the context of DojoIBL supporting the four presences of the communities 
of inquiry framework, the integration of LA can be beneficial in several ways: first, it 
can offer a better cognitive and social support, since the discussions and the progress 
can be monitored closely. Second, teacher can have better overview of the inquiry 
groups progress so they can more effectively influence learners on their inquiry pro-
cesses. Third, the metacognitive presence can be supported stronger since learners, 
together with teachers support, could reflect in and also on action based on their actual 
performance. DojoIBL does not offer this functionality through its main components, 
thus this study presents an integration of DojoIBL and LA which is summarized in the 
following research question: 
• How can interoperability with external third-parties be achieved, so that LA could 
further enhance the support of Communities of Inquiry through DojoIBL? 
                                                        
 
12 http://redarchive.nmc.org/publications/2013-horizon-report-higher-ed 
13 https://www.fitbit.com/nl/home 
14 https://github.com/adlnet/xAPI-Spec 
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4.3 Architecture 
This section describes the DojoIBL cloud-based architecture and introduces the new 
DojoAnalytics software component. The section is organized in three parts according 
to the macro, meso and micro levels of abstraction of the proposed architecture. The 
first section, describes the architecture from a macro level perspective and present the 
anatomy of current DojoIBL architecture and how the new DojoAnalytics component 
is placed on the architecture. The second section provides a mezzo level perspective 
and it focuses on the relationship of DojoAnalytics with the rest of the software com-
ponents. Finally, the lower level of abstraction in the architecture is provided in the 
micro level, in which the xAPI semantic and syntactic specification are described. 
4.3.1 DojoIBL architecture – Macro level 
The DojoIBL architecture is organized in three layers (see Figure 18). First, the 
‘presentation layer’ (or frontend) is the user interface. It provides three entry points for 
users to interact with the DojoIBL functionality; a web-browser application and two 
mobile apps. This layer centralizes all users’ requests and forwards them to the suitable 
services on the ‘application layer’. The ‘application layer’ is built upon components 
following a SOA (Service Oriented Architecture) software design (Corporation, 
Brown, Johnston, & Kelly, 2002) that provide discrete units of functionality. This layer 
–application layer– independently coordinates users’ requests, from the different entry 
points, and process them to give back the requested services. Last, the ‘data layer’ im-
plements the mechanisms to retrieve and to store information in the database. 
 
 
Figure 18: The three layers of the DojoIBL architecture: Presentation Layer, Application Layer and Data Layer. 
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The ‘application layer’ in DojoIBL is built upon separate software components that 
provide functionality to support collaborative inquiry-based learning. Central to this 
layer is the ‘IBL engine’ component that is responsible for managing the inquiry struc-
tures, the inquiry groups and the inquiry activities. Whenever a user performs a CRUD 
operation (Create, Read, Update and Delete) over one of these elements, a learning 
statement will be captured and sent by DojoAnalytics to the third-party system. Next 
to the IBL engine, there are four components offering services for authentication, 
communication, data collection and notification. All of them, besides the notification 
one, are connected to the DojoAnalytics component. When a student collects a picture 
to an inquiry activity, or sends a message to an inquiry group, the DojoAnalytics cap-
tures that learning experience through its API. The interface of the API and its func-
tionality will be described as part of the mezzo perspective level, in the next section. 
4.3.2 DojoIBL context – Meso level 
The DojoAnalytics is a new software component added to the application layer of the 
DojoIBL architecture. It is responsible for capturing the users’ interactions and for the 
submission of the corresponding learning experience to a third-party solution. Figure 
19 shows a detailed overview of the application layer. It shows the connections be-
tween the existing software components and DojoAnalytics. Besides the ‘Notification’ 
component, all the components are subscribed to it in order to register users’ actions.  
 
 
Figure 19: Software component diagram depicting how the DojoIBL components are wired together. 
To enable the communications with other components, the DojoAnalytics comes with 
an internal API with two methods: registerStatement and submitStatement (see Table 
13). These methods are encapsulated into the DojoAnalyticsDelegator, and their role is 
to allow other components registering and submitting users’ actions to third-party sys-
tem (i.e. learning analytics dashboards or learning record stores). As a user performs an 
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action in DojoIBL, the corresponding component uses the API request –
registerStatement– to send the data to the DojoAnalytics component. The register-
Statement method receives three Strings with the essential information needed to de-
scribe a learning statement (an actor, a verb and the object towards the actor is working 
to), and it dynamically instantiates and invoke the different submitStatement methods 
for the different system visualizations. As an interoperable component, DojoAnalytics 
must be able to submit statements in a xAPI format to any third-party system. In turn, 
each third-party system connected to DojoAnalytics must have a specific implementa-
tion of the submitStatement method. This is because each system has its own authentica-
tion requirements. Nevertheless, although the implementations can be different the 
syntactic and the semantic xAPI specification must remain the same. In the next sec-
tion, this specification will be explained.   
Table 13: Internal DojoAnalytics API to communicate with the rest of the components in DojoIBL. 
Register Statement 
Description Enable the registration of an action. To simplify the process, the object 
contains fields corresponding to an xAPI statement. 
Method registerStatement 
Parameters Actor: String 
Verb: String 
Object: String 
Submit Statement 
Description Enable the submission of statement to external parties. It requires an xAPI 
object and the identifier of the Learning Record Store towards the statement is 
being submitted. 
Method submitStatement 
Parameters Actor: String 
Verb: String 
Object: String 
4.3.3 DojoAnalytics component – Micro level 
Although the structure of an xAPI statement (actor, verb, object, context and result) is 
already pre-defined by the technical specification, the syntax and the semantic recently 
raised some criticism (Bakharia, Kitto, Pardo, Gašević, & Dawson, 2016). There have 
been some authors that suggesting recipes to overcome the criticism (Bakharia et al., 2016; 
Berg et al., 2016). In an attempt to follow their advice, table 2 presents the first draft of 
the learning experiences covered by the DojoAnalytics. For the reader visibility the CRUD 
(Create Read Update and Delete) operations have been combined into single rows.  
The xAPI specification for DojoAnalytics contains 19 possible learning statements 
that define the possible learning experiences with DojoIBL. Every software compo-
nent defined in the macro level section has a set of related learning statements. The 
IBL engine has 15 statements that keep track of users’ actions on inquiry structure, 
group and activities as well as joining an inquiry group and comment in an inquiry 
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activity. The messaging component and the authorization component keep track of the 
messages sent to an inquiry group and the users register to DojoIBL respectively. Simi-
larly, the mobile data collection component has 2 learning statements that keep track 
users sharing and deleting multimedia artefacts (video, image or audio).  
It is a good practice to reuse vocabulary in xAPI specification, so we have followed 
Berg’s vocabulary (Berg et al., 2016), in order to contribute to the international defini-
tion of usage of xAPI specifications. However, since Berg et al. (2006) and our context 
are slightly different, we chose to extend it with verbs join (see Table 14). 
Table 14: xAPI specification for DojoAnalytics. 
xAPI semantic xAPI syntax  
CRUD operation on an inquiry structure Actor: Teacher 
Verb: Create/Read/Update/Delete 
Object: Project 
Context: Time 
Result: - 
Creating (CRUD) an inquiry group Actor: User 
Verb: Create, Read, Update, Delete 
Object: Group 
Context: Time, Project 
Result: - 
Adding (CRUD) an inquiry activity Actor: User 
Verb: Add, Read, Delete, Update 
Object: Activity 
Context: Time, Phase, Project 
Result: - 
Join an inquiry group Actor: User 
Verb: Join 
Object: Group 
Context: Time, Project 
Result: - 
Comment (CD) on inquiry activity Actor: User 
Verb: Comment 
Object: Response 
Context: Time, Group, Activity 
Result: Comment text 
Send a message to an inquiry group Actor: User 
Verb: Send 
Object: Forum Message 
Context: Time, Group 
Result: Message text 
Collect (D) a multimedia artifact Actor: User 
Verb: Shared 
Object: audio/video/image 
Context: Time, Group, Activity 
Result: Multimedia artifact 
Register a new user Actor: User 
Verb: Registered 
Object: Page 
Context: Time 
Result: - 
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4.4 Use case implementations 
This chapter presents two use case implementations to demonstrate interoperability 
between DojoIBL and third-party LA systems through DojoAnalytics. The first sce-
nario describes the integration with Learning Locker, an open source LRS (Learning 
Record Store) that is used to store, sort and share learning statements. The second 
scenario covers the integration with the Lemo Tool, a standalone Learning Analytics 
Dashboard that provides similar, but more suitable, functionality than Learning Lock-
er. Both scenarios will describe the default sequence of the data since the users per-
form the actions in DojoIBL until the system visualizations display the information 
accordingly. 
4.4.1 Scenario 1: Learning Locker 
A Learning Record Store (LRS) is a massively scalable database for storing learning 
activity data. The Learning Locker (LL) is a LRS that is available as open source –to be 
hosted by users– and as Software as a Service (SaaS) –hosted by Learning Locker as 
cloud-based solution–. The LL provides users with a tool-suite to store, sort and share 
data from multiple sources and to process it to make inform decisions about learners’ 
future learning processes. The LL is one of the most installed LRS. It provides a user-
friendly environment that consumes xAPI learning statements, good and clear data 
management process and very powerful visualizations. The LL allows users to have 
multiple LRS in the same installation and provides a very intuitive users’ management 
interfaces for crossed analysis from different data sources. From a data analysis per-
spective, it comes with a set of pre-defined graphs and customizable dashboard that 
can be adjusted by the user using the drag and drop interface. LL also allows users to 
export results in JSON or CSV format. 
For this particular scenario, an instance of Learning Locker has been installed in a 
Mac OS X local environment. Since LL is built upon the Laravel PHP framework, a 
MAMP (Mac OS, Apache, MySQL and PHP) solution that provides an apache web 
server was used. Additionally, a MongoDB database and a MongoDB PHP extension 
for PHP 5.6 have been installed as part of the installation requirements. 
From a Community of Inquiry perspective, the LL functionalities for the end user 
provide a meaningful support for the metacognitive presence (Akyol & Garrison, 
2011). The reports and the filters allow users to zoom in and create personalized re-
ports to focus only on specific parts of the inquiry process. The users can follow the 
progress of a specific inquiry group, check the frequency of learners’ responses or 
analyse the effectiveness of an inquiry activity across various inquiry groups. Graph 1, 
for instance, shows an example of the number of messages sent in an inquiry group 
during a week. This information by itself might not be relevant. However, combining 
the visualizations with the learning experiences defined in the micro level section, it 
provides a reliable overview of learners’ performance. Thus, it can be helpful for 
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teachers to follow up and to monitor students while they work in DojoIBL beyond the 
classroom walls. Moreover, it can also be useful for learners to critically assess their 
own performance. They can judge the strategies applied during the inquiry activities or 
reflect upon their progression or stalling (Monitoring of Cognition) (Akyol & 
Garrison, 2011). 
 
 
Graph 1: Example of the visualization of learning statements in Learning Locker. 
However, the LL does not provide support through the API to retrieve the visualiza-
tions and embed them directly into the DojoIBL platform. Although the reports can 
be retrieved in JSON format via the LL API, displaying the information in a readable 
way will require the use of visualization libraries like D3.js15. Therefore, the next sce-
nario introduces an alternative that allows for more flexibility on the visualizations. 
4.4.2 Scenario 2: Lemo Tool 
The Lemo Tool (Fortenbacher et al., 2013) is an open source web-based learning ana-
lytics application developed by the HTW (Hochschule für Technik und Wirtschaft 
Berlin University of Applied Sciences). Compatible across different learning manage-
ment systems (LMS), the Lemo Tool collects traces from the users and visualizes activ-
ity data to help identifying and visualizing users’ trends, needs and frequent learners’ 
path. The aim of the Lemo Tool is to provide support for evaluating research hypothe-
sis, educational issues and users’ behavioral patterns. It is offered through a user 
friendly interface, and provides different types of visualization, like i.e.: activity graphs 
and frequent learning paths. 
Figure 20 shows how the most frequent learning paths of the learners can be visu-
alized side by side for a better comparison. At the moment missing but planned and 
                                                        
 
15 https://d3js.org/ 
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currently developed is the visualization of a desired learning path from the teacher’s 
perspective with a more intuitive experience as shown in Figure 21. 
 
 
Figure 20: Learning path visualization in Lemo Tool. 
 
Figure 21: Desired learning path.  
Integrated in a learning environment this visualization can help finding student outliers 
or structuring future inquiry projects. 
In the context of the LA4S project (Jaakonmäki et al., 2017), an interface between 
DojoIBL and the Lemo Tool was designed. The goal was to provide the learners and 
the teachers with information that help them to understand more about their learning 
processes. Figure 22 shows the UML component diagram of the external Lemo Tool 
interface that enables the integration into learning applications like DojoIBL. On the 
DojoIBL side there are three components: The DojoAnalytics and the OAuth compo-
nent in the application layer and the frontend component in the presentation layer. In 
the Lemo Tool side, there is one module that provides all the functionality. Because of 
privacy issues the communications among both platforms need to be authenticated to 
protect the data exchanged. Only the visualization framework data does not require 
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authentication (sending and receiving the type of visualization, not the visualization 
data that DojoIBL users want to use).  
 
 
Figure 22: Architectural disposition of both backend. 
This integration between DojoIBL and the Lemo Tool offers more personalized con-
trol and monitoring over the learners’ progress. This is because the Lemo Tool e.g. 
focuses on visualizing Learning Paths. A learning path is defined as a “set of one or 
more learning actions that help to achieve particular learning goals or competence” 
(Janssen, 2010). Therefore, the aim of the Lemo Tool is to display the steps needed to 
achieve specific learning goals or competences. However, one of the weaknesses of the 
learning path model is the lack of granularity, especially when it comes to define these 
learning actions.  
Chapter 4 
88 
The integration with DojoIBL and the use of xAPI, is a suitable complement to 
provide the missing granularity. On the one hand, the use of xAPI statements provide 
more detailed information about the steps taken by the learners during the inquiry 
process. On the other hand, the DojoIBL infrastructure (inquiry structures and inquiry 
groups) provide means to enable different groups of learners working towards the 
same goals. Thus, taken together, visualizing the learning paths of the different inquiry 
groups can provide most frequent paths taken for the learners to arrive to their goals. 
Furthermore, analysing all learning paths from all the inquiry groups, the most success-
ful inquiry activities can be extracted, which provides more insights for the teachers to 
design better inquiry processes. 
From the community of inquiry point of view, the integration of Lemo Tool and 
the visualization of learning paths provide means to identify more accurately the cogni-
tive (Garrison et al., 2001) and social presence (Rourke, Anderson, Garrison & Archer, 
2007). This approach opens up possibilities for future research about personalized 
learning, since a better relation can be established between the students’ interactions 
with DojoIBL, the learning objectives achieved and the inquiry activities used in the 
process.  
4.5 Conclusions 
Technology has contributed to enable better support for collaborative (mobile) learn-
ing methodologies -like inquiry-based learning. DojoIBL has helped to expand the 
learning processes beyond the classroom walls bridging the gap between formal and 
informal learning. It also has facilitated ubiquitous discussions in which members of 
the community co-create knowledge through the mobile technology. This transition, 
from the traditional setting to the online digital environment, requires more teachers’ 
presence (Anderson et al., 2001) and higher control over the learning process. The 
higher control over the learning process can be achieved with the integration of an 
external Learning Analytics dashboard that provides ways for the learners to reflect 
upon their learning, and tools to better monitor learners’ activity for the teachers.  
This study presents DojoAnalytics, a component for DojoIBL to connect with ex-
ternal third party Learning Analytics dashboard. It provides an interoperable bridge 
with external tools to facilitate students monitoring and foster more reflection about 
the process. The aim of this study is to demonstrate the DojoIBL interoperability, so 
that it can better support Community of Inquiry processes. To demonstrate the Do-
joIBL interoperability, we have described two use case implementations. The first 
example with Learning Locker provided an intuitive data workflow and a well-
documented API. The result is a very user friendly Learning Analytics dashboard that 
offers meaningful visualizations to the user. The problem with Learning Locker is that 
it does not allow users to retrieve directly the visualizations from the Learning Locker 
and embed them in DojoIBL. The second example described an integration with the 
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Lemo Tool. In this case, this Learning Analytics dashboard provides more alternatives 
to visualize learners’ performance and visualizations can be directly integrated into the 
DojoIBL enabling filtering and sorting opportunities for members of the Community 
of Inquiry. 
To sum up, DojoIBL, together with DojoAnalytics, provides a suitable support for 
mobile inquiry-based learning, which can be enhanced in some controlling aspects by 
including third party Learning Analytics dashboards. It has been demonstrated that 
DojoIBL can make use of different Learning Analytics dashboards that facilitate the 
teachers and the learners to keep track of their progress in the inquiry projects. This 
helps teachers to regain some controlling aspects, which could be lost by moving the 
inquiry-based learning processes to a mobile availability. 
  
91 
Chapter 5 
Interoperable components for 
inquiry-based learning  
 
 
 
 
The last chapter of the second part of the thesis presents an inquiry-based learning architec-
ture that supports all the implementations presented in previous chapters. The fast adoption 
of technology to support inquiry-based learning processes has resulted in the development of 
many tools and platforms. Although, there have been several attempts to enact efficient ways 
for developing IBL solutions, they fell short in both technical specifications and documenta-
tion. Thus, this chapter presents an architecture that builds upon small, dedicated and 
reusable components to provide specific IBL functionality for other to develop IBL solu-
tions. The chapter describes two implementations that show the applicability of this IBL 
architecture and how the specification assists in building those new solutions. 
 
 
 
 
 
 
 
 
 
This chapter is based on: Suárez, A., Ternier, S., & Specht, M. (2017). Interoperable 
components for inquiry-based learning. Manuscript submitted for publication. 
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5.1 Introduction  
It is widely recognized by policymakers that to enhance students’ proficiency in STEM 
(Science, Technology, Engineering and Mathematics) subjects, scientific innovation 
and the future knowledge society is instrumental (Ally, 2009; Kuenzi, 2008; Tienken, 
2013). STEM learning improves basic scientific literacy and reasoning for students, 
whether or not they would eventually pursue a career in science (Kovarik et al., 2013). 
Inquiry-based learning (IBL) is increasingly recognized as an efficient approach for 
propagating the practice of scientific inquiry and awakening student’s curiosity. It fo-
cuses on linking informal learning and everyday life phenomena with science teaching 
in schools, in order to facilitate more seamless experiences for learners (Looi et al., 
2010; Wong et al., 2015). In recent years, this has led to the development of numerous 
educational platforms aiming at giving support to inquiry-based learning activities. 
However, there is yet no set of reusable architectural components that supports the 
creation of new IBL solutions. Thus, this paper provides an IBL architecture and its 
specification that enables reusing software components to develop mobile or cloud-
based tools to support IBL.  
To this end, this manuscript presents and justifies this interoperable IBL architec-
ture as follows. Section 5.2 describes existing approaches and their limitations. In sec-
tion 5.3, based on the existing approaches the requirements that defined the architec-
tural components are described. Next, the architecture, the IBL data model and the 
IBL components are specified with a RESTful1 API in section 5.4 (Application Pro-
gramming Interface). Section 5.5 presents two selected application scenarios to illus-
trate the applicability of this architecture. The first scenario, in the context of the 
weSPOT project, uses the architecture to glue together different inquiry products and 
also to extend an existing IBL platform with a mobile app. The second scenario pre-
sents the redesign of an IBL platform based on the proposed architecture. Finally, 
section 5.6 presents the conclusions and the future work. 
5.2 Related work 
Existing IBL approaches have focused on offering specific functionality through ex-
ternal APIs. This is the case of Scientific INQuiry (SINQ) (Ahn et al., 2012) or nQuire 
toolkit (Scanlon, Anastopoulou, Kerawalla, & Mulholland, 2011), which expose their 
functionality through an ad hoc API. SINQ, a mobile application for iPads that builds 
on a client/server architecture, offers functionality to manage “cause and effect” pro-
cesses. It gives structure to operationalize the scientific inquiry model, so students can 
ask questions about a cause, document their observations and then setup further inves-
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tigations. The nQuire toolkit offers a RESTful16 API to send inquiry data to the 
backend. The nQuire toolkit implements three kinds of inquiries or missions, for 
which users have to measure phenomena through the use of the accelerometer, the 
gyroscope, sound or light sensor. 
The Learning Ecology Through Science with Global Outcomes (LETS GO) devel-
oped a more generic infrastructure with an emphasis on extensibility and open stand-
ards for inquiry-based learning. It follows a service oriented approach based on open 
source and open standards that focuses on interoperability. The project however was 
stopped in 2013 and is no longer maintained. Since 2013 the LET’s GO source code is 
no longer available.  
The two IBL solutions mentioned above adhere to principles such as open source 
and open APIs with the focus on interoperability. The IBL architecture presented in 
this article applies similar principles on how to address the lack of reusable architectur-
al components to create new solutions. However, the proposed solution in this manu-
script goes a step further by offering a specific interoperable, dedicated and composa-
ble IBL architecture and its specification that can be reused to build new IBL tools. 
5.3 IBL architectural requirements 
Based on empirical studies that focused on the effects and implications of using (mo-
bile) technology in IBL (Ahmed, 2014; Shroff, Keyes, & Linger, 2015; Sung et al., 
2016; Zydney & Warner, 2016), we have identified a set of what we consider to be 
essential components for IBL: data collection component, communication component 
and authentication component. Data collection processes have been included in most 
of the studies as a typical form of interaction with technology in mobile IBL processes. 
A review (Zydney & Warner, 2016) on mobile apps for science showed that place-
based data collection tools have been used in 70% (17 out 23) of the studied solutions. 
Similarly, another review about mobile inquiry-based learning activities reported that 
11 out 15 of the applications described focused on data collection activities. Lastly, 
Shroff et al. (2015) clustered constructive apps (Highfield & Goodwin, 2013) are able 
to create usable learning multimedia artefacts.    
The communication and collaboration aspect are critical elements in computer 
supported collaborative learning. There is a general agreement among social theorists 
that dialogue, interaction and collaboration are transversal and essential in any learning 
process (Shroff et al., 2015). Moreover, social networks and instant messaging are 
continuously changing students’ perceptions on how technology is used (Roblyer, 
McDaniel, Webb, Herman, & Witty, 2010), and often students demand similar UIs or 
similar usability. In the context of inquiry-based learning, collaborative approaches like 
                                                        
 
16 https://en.wikipedia.org/wiki/Representational_state_transfer 
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Communities of Inquiry (CoI) (Garrison, 2015) or Knowledge Community and Inquiry 
(KCI) (Slotta, Tissenbaum, & Lui, 2013) have addressed these concepts. Associated 
with communication and collaboration, we found notifications as another essential 
element that enables a more seamless experience for students. Notifications increase 
students’ awareness on the inquiry process. The push notification services enable silent 
UI (User Interface) updates and allow users to receive the latest updates or friends’ 
messages as soon as they are available. 
The last component deals with users’ authorization and authentication. It provides 
services to identifies users in the rest of the components. Additionally, these services 
can also be used by third party applications or architecture when an authentication 
system is required. 
5.4 IBL architecture and components 
Based on the requirements, this chapter presents a generic architecture for IBL. All 
components in this chapter are defined through abstract specifications. Rather than 
presenting a software implementation, every component is presented with both func-
tionality and an API. The API has deliberately been specified so that it enables seman-
tic interoperability. To achieve semantic interoperability (Paepcke, Chang, Winograd, & 
García-Molina, 1998), both sides of an API must refer to a common information ex-
change model. This model (see Figure 24) unambiguously shows the information rele-
vant in this architecture. For the application scenarios, a REST binding was created to 
provide syntactic interoperability which enables the actual component implementations 
of this architecture to be interoperable.  
In this article, the term software component will be used to refer to the specifica-
tions as presented in this chapter. In section 5.5, instantiations of these components 
will be called software artefacts. 
5.4.1 IBL data model 
This section simplifies the IBL data model (see Figure 23) and zooms in on the core 
IBL. At the core of the IBL data model is the ‘Inquiry’, which is related to ‘Inquiry 
Activities’. In a concrete implementation (section 5.5), these inquiry activities are fur-
ther extended and can implement discussion boards, question panels, activities to for-
mulate hypothesis or other relevant activities within an inquiry process. Through the 
(optional) phase attribute, they are bound to the corresponding phase in the IBL mod-
el. 
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Figure 23: IBL data model. 
An ‘Inquiry’ is owned by at least one user, represented by the ‘Account’ class. Through 
this relation a user can create and manage an arbitrary amount of Inquiries. An ‘In-
quiry’ acts as a blueprint in this model and is related to the creator of an ‘Inquiry’. The 
owner can edit the inquiry, define the inquiry structure and create inquiry content (‘In-
quiry Activity’). Through the use of ‘Inquiry Run’, users are registered as participants to 
an ‘Inquiry’. As a result, an inquiry blueprint can be carried out independently by dif-
ferent groups of users (participants) that work together within a ‘Inquiry Run’. An 
‘Inquiry Run’ is always related to one ‘Inquiry’ and manages user-generated content. 
‘Data collection’ is an important concept in this IBL model and is modelled as a sub 
class of an ‘Inquiry Activity’. Often data is collected with mobile devices, so relevant 
classes must be defined for mobile components. In this model, an abstraction is made 
between data collection activities and the actual data that is collected. An ‘Inquiry’ 
specifies activities, so the ‘Inquiry Activity’ class is related to the ‘Inquiry’ blueprint. A 
‘Data Collection Tasks’ describes what data a learner must capture (e.g. find evidence 
of pollution in your environment). At runtime, ‘Data Collection Sample’ objects repre-
sent the actual data taken by users (Account) and are related to one ‘Inquiry Run’ ob-
ject. The ‘Thread’ and ‘Message’ classes facilitate communication and are important in 
a Community of Inquiry (Garrison, 2015). These classes are only relevant in a runtime 
context, so they are related to an ‘Inquiry Run’ object. Within a run, zero or more 
communication threads are defined. A ‘Thread’ groups a list messages. 
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5.4.2 IBL engine 
The IBL engine is the central component in the IBL architecture and it is responsible 
for managing inquiries. From the perspective of interoperability, it is important to 
define a service here through which third party applications can issue inquiry opera-
tions. The IBL engine API (see Table 15) enables both managing inquiry objects and 
corresponding activities through create, read, update and delete (CRUD) operations. 
Examples of activities include research questions, concept maps, data collection tasks 
and discussion tasks. An implementation can extend ‘Inquiry Activity’ classes through 
inheritance and define more activities. 
Table 15: IBL engine API and specification. 
API 
Method (:returns) Parameters  
postInquiry inquiry: Inquiry Enable the creation of a new inquiry object. If no inquiry 
identifier is specified, a new inquiry is created. 
Alternatively, the corresponding object is updated with the 
submitted inquiry. 
getInquiry: Inquiry inquiryId: String Enable retrieving an inquiry object 
deleteInquiry inquiryId: String Remove the corresponding inquiry object. 
postActivity inquiryId: String 
activity: InquiryActivity 
Submit an inquiry activity. If an activity identifier is present 
in the activity object, the corresponding object is update. 
Alternatively, a new activity is created. 
getActivities: 
InquiryActivity[] 
inquiryId: String 
resumptionToken: String 
Retrieve all activities within an inquiry. A 
resumptionToken that is returned together with the inquiry 
activities enables retrieving results in batches. 
deleteActivity inquiryId: String 
activityId: String 
Delete the activity with the corresponding ids. 
5.4.3 Authentication and authorization: OAuth provider 
IBL projects are often distributed, featuring mobile, desktop and browser based appli-
cations. All of these distributed components require a method for identifying the user 
and linking the user to its inquiries managed by the IBL engine. OAuth is an open 
standard for authorization and is commonly used to authorize third party applications, 
IBL components in this case (see Figure 24). 
Although any instantiation of the IBL architecture can arbitrarily select a list of 
OAuth providers, weSPOT has chosen to develop its own weSPOT OAuth artefact. 
Applying IBL in a school context brings the requirement of dealing with privacy con-
cerns and age restrictions. For instance, in the Netherlands, the minimum age to own a 
Google Account is 16 years or older. The weSPOT OAuth artefact was therefore de-
veloped so that they can interface with a school account system. In the absence of 
such a system, teachers can use this artefact to define accounts for their students. 
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Figure 24: Authorization flow based on OAUTH protocol. 
5.4.4 The mobile notification component 
A notification refers to the action of informing the user about something. A notifica-
tion system therefore facilitates this process of informing the user that an event has 
occurred. This component makes a distinction between the system that processes and 
delivers the notification to the users and the event for which the notification was cre-
ated (see Figure 25). For instance, when a user is added to an inquiry managed by the 
IBL component, this component will send a notification to this user through the mo-
bile notification component. 
 
 
Figure 25: Federation of notifications. 
Figure 25 illustrates how this component federates the notification through various 
technologies. Every IBL component can publish notifications. 
Notifications can either trigger a silent UI update or can alert the user and show a 
notification for the app in the notification drawer. For instance, when a user updates 
the inquiry description, the notification component will trigger a silent update of this 
text on the UI of other devices. When a user posts a message on a chat channel, the 
system will trigger a visual and audible notification so that the inquiry participants are 
made aware of the communication. Table 16 describes the methods of the API that 
can be used in order to use this component. 
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Table 16: Mobile notification API and specification. 
API 
Method (:returns) Parameters  
publishNotification object: Notification 
inquiryRunId: String 
Enable the creation of a notification. The object is 
sent to all devices that are subscribed.   
registerDevice account: Account 
notificationTechnology: String 
component: String 
Enable a component to subscribe for notifications. 
The notificationTechnology parameter indicates what 
technology will be used to send the notification to the 
device (e.g. APN for an IOS device) 
notify notification: Notification This method is implemented on the IBL component 
using a notification technology (APN, GCM, 
ChannelAPI). After a publishNotification invocation, 
it will be called on the relevant components that are 
affected by the notification 
5.4.5 The inquiry messaging component 
The inquiry messaging system enables inquiry users to communicate and exchange 
messages and therefore supports social presence. This component builds on both the 
mobile notification component and on the IBL engine. 
The alternative for such a messaging component is to rely on existing communica-
tions tools such as Google Hangout®, Whatsapp® or Telegram®. However, setting 
up communication channels with these - well established - technologies comes with 
some burdens for the teacher. Communication is not embedded in the inquiry work-
flow and the teacher would have to collect separate accounts or telephone numbers for 
all students and manually set up communication channels for each inquiry. In addition, 
students could experience sharing personal phone numbers, or their social media ac-
counts as a violation of their privacy. 
By using the inquiry messaging component, a default communication channel is 
created automatically for every Inquiry Run object. This provides means to group 
communications per inquiry. Hence double administration of user groups is not neces-
sary. 
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Table 17. Messaging API and specification. 
API 
Method (:returns) Parameters  
createThread: Thread inquiryRunId: String 
name: String 
Enable the creation a new communication thread. This 
method a Thread object that contains a server generated 
threadId. 
createMessage inquiryRunId: String 
threadId: String 
subject: String 
body: String 
With this method a new communication message is created 
and submitted to a thread. When threadId is omitted, the 
message is submitted to the default thread. Subject is also 
optional and can be omitted in some implementations of the 
chat. 
deleteThread inquiryRunId: String 
threadId: String 
Delete a thread and all corresponding messages. 
getThread: Message[] inquiryRunId: String 
threadId:String 
resumptionToken: String 
Retrieve all messages for the given thread. A 
resumptionToken is returned together with the set of 
messages and enables downloading the messages in batches. 
getMessages: 
Message[] 
inquiryRunId: String 
resumptionToken: String 
Return all messages for the default thread of the specified 
inquiry run. A resumptionToken is returned together with the 
set of messages and enables downloading the messages in 
batches. 
 
This messaging component flexibly supports message threads. Within an inquiry run, 
multiple communication threads are supported. In practice, however, an implementa-
tion can limit the number of channels to one (the default thread) per inquiry. Through 
this API (see Table 17), the inquiry communication channels can run seamlessly on 
various devices. Users can continue a chat either on a mobile device or on a desktop 
based IBL engine. The notification component supports updating the various chat 
interfaces as new messages are exchanged. 
5.4.6 The mobile data collection component 
Data collection is an important phase of the IBL model and is supported by many 
inquiry projects and their implementations. The mobile data collection component 
manages both data collection tasks and data collection samples. Data collection tasks 
are related to the inquiry structure. Data collection samples are collected by users and 
are therefore related to a specific inquiry run. 
A mobile data collection task is modelled as an ‘Inquiry Activity’ and can be man-
aged via the IBL engine API (see Table 15). The data that is collected consists of 
metadata and/or binary data. When a user takes a picture, the picture is modelled as 
binary data (a blob). Metadata like the GPS coordinate, dimensions, timestamp are 
managed and sent separately to the server as ‘DataCollectionSample’ object. 
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Table 18. Data collection API and specification. 
API 
Method (:returns) Parameters  
createDataSample: inquiryRunId: String 
inquiryActivityId: String 
sampleMetadata: 
DataCollectionSample 
blobId:String 
Create the metadata instance for a new data sample that 
is identified through an (optional) blobId. A blobId is 
optional as some samples do not have a corresponding 
binary object. 
postBlob: String blob: byte[] Upload a blob (e.g. audio, photo or video sample) to the 
server. 
getSampleMetadata: 
DataCollectionSample[] 
inquiryRunId: String 
resumptionToken: String 
Retrieve all data samples for an inquiry run. This result 
contains a resumption token that enables retrieving all 
samples in batches. 
getBlobSample blobId: String 
 
Retrieve the blob that is referenced by the sample 
metadata. 
revokeSample sampleId: String 
 
Revoke a sample on the server. As a result, the 
corresponding blob is no longer accessible. The 
metadata sample will remain visible and will indicate that 
it was revoked. 
 
This component features an API (see Table 18) through which third party tools can 
manage data samples. The API takes mobile scenarios into account and enables proper 
management of revoked samples. For instance, as mobile devices go offline, it is im-
portant that these devices synchronise collected data samples and their metadata for 
offline usage. When these devices go online, they can use the API to synchronize data 
samples and are made aware of samples that were revoked. 
5.5 Application scenarios 
In order to prove to what extend the proposed IBL interoperable components help to 
develop IBL solutions, two application scenarios are described. The first scenario illus-
trates how the APIs were used in the weSPOT European project (Specht, Bedek, 
Duval, Held, et al., 2012) as a contract between project partners to connect their in-
quiry products. This implementation demonstrates interoperability as through the API, 
existing IBL client/server artefacts such as the Inquiry Workflow Engine (IWE) were 
integrated. The second scenario addresses shortcomings of the first scenario and pre-
sents DojoIBL, a redesign tool that relies on cloud-based artefacts. These two exam-
ples illustrate the wide applicability of this framework for interoperability between IBL 
components. 
5.5.1 weSPOT Personal inquiry manager 
The weSPOT project was a 3-year European research project (Specht, Bedek, Duval, 
Held, et al., 2012) that focused on a) addressing the lack of inquiry skills in schools 
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with teacher and students, b) establishing an inquiry model applicable in schools, c) 
developing an open source toolkit for the use in schools, and d) evaluating the effects 
of inquiry-based mobile learning in school contexts with a variety of topics/domains in 
7 European Countries and international research cooperation.  
Using the proposed interoperable components, the Personal Inquiry Manager 
(PIM) was developed. The PIM is a mobile application developed for both Android 
and iOS and brings two important inquiry functions to the mobile user: communica-
tion and data collection. The PIM communicates with the weSPOT Inquiry Workflow 
Engine (IWE) to store and to retrieve inquiry data. The IWE, an open source social 
engine built on Elgg, models inquiries as Elgg sites. In this Elgg model, an inquiry 
structure is strongly coupled to the users. This means that an ‘Inquiry’ (defined as an 
Inquiry design) and the ‘Inquiry Run’ (group of users for that Inquiry) have a one-to-
one relationship. This limits the reuse of an inquiry design (Inquiry) with a different 
Inquiry Run (group of users). For this case, the data model was adapted to be more 
specific, constraining the cardinality of ‘Inquiry’ to ‘Inquiry Run’ to one, meaning that 
an IWE inquiry always has one corresponding ‘Inquiry Run’. 
Figure 26 illustrates the seamless integration of the IWE and the PIM. Both tools 
make use of the Mobile Data Collection (MDC) artefact. The IWE (left side) displays a 
data collection task and a selection of data collection samples. Using the PIM (right 
side), a user can consult data collection tasks and upload new data samples (e.g. pic-
tures) to the cloud-based implementation of the MDC.  
 
 
Figure 26: Data Collection in IWE (left - desktop) and PIM (right – mobile app). 
This scenario illustrates how the API, presented in section 5.4.2 enables interoperabil-
ity with a third party IBL artefact, the IWE. In order to provide interoperability be-
tween the PIM and the IWE, the IWE data model was mapped on the IBL data model 
(see Figure 23). Moreover, this case features three different artefacts building on dif-
ferent technologies: the IWE, PIM and MDC respectively build on PHP/server, JAVA 
android SDK and JAVA/cloud-based technologies. Figure 27 shows the architecture 
for the weSPOT case. 
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Figure 27: weSPOT architecture. 
Figure 28 demonstrates a simple use case of the IBL architecture components and its 
APIs. As a user captures and submits a data sample with the PIM, the data (1) and 
corresponding metadata (2) are sent to the MDC via the ‘postBlob’ and ‘cre-
ateDataSample’ message. The MDC stores this data sample and binds it to the user 
that took the sample, the ‘Inquiry Run’ and the ‘Data Collection Task’. Next, the MDC 
publishes a notification (3) to all users that participate in the ‘Inquiry Run’ to make 
them aware of this new data sample and to update their UIs. The Mobile Notification 
Component queries the devices that are registered with each user in the ‘Inquiry Run’ 
and will select the corresponding protocol to notify the user. Via Google Cloud Mes-
saging protocol, an Android user will receive this update, while the channel API is used 
to update the IWE browser based application. By doing so, the Android device is trig-
gered to update the UI and will retrieve the new sample metadata and data (4). Similar-
ly, the IWE will update its interface and will show the new data samples. 
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Figure 28: Software artefacts and APIs. 
5.5.2 DojoIBL 
DojoIBL17 (Suárez et al., 2016; Ternier et al., 2012)18 is an open source and cloud-
based implementation for inquiry-based learning developed to structure inquiry pro-
cesses. It is maintained on a non-project basis by the Welten Institute of the Open 
Universiteit and is currently being used in 10 national and international inquiry project 
across Spain, the Netherlands and Bulgaria. During its first year over 200 students have 
generated in DojoIBL more than 2000 contributions and sent around 4000 messages. 
It has been developed upon various software artefacts following a design-based re-
search approach. Teachers, designers and researchers have given feedback on a contin-
uous basis and contributed to an incremental developmental process. 
The DojoIBL architecture (see Figure 29) is a follow up initiative of the weSPOT 
architecture. However, DojoIBL took into account lessons learned. The IWE in the 
weSPOT architecture suffered from performance issues when several groups of stu-
dents used the tool at the same time. Hence, several components in different layers of 
the architecture were exchanged or redesigned. In the data and application layer, a 
schemaless database (GAE) and a redesigned IBL engine were implemented on a 
cloud-based infrastructure that scales very well with increasing student numbers. 
Moreover, the application layer now builds on the AngularJS19 framework for the 
browser version and on the React Native20 framework for the mobile part.  
As a results of the redesign, DojoIBL offers more flexible support for inquiry de-
signs. It provides a) freedom for teachers and students to create their own inquiry 
designs and b) inquiry templates based on existing inquiry models from literature like: 
the weSPOT IBL model (Specht, Bedek, Duval, & Held, 2012), the six-step model 
                                                        
 
17 http://dojo-ibl.appspot.com 
18 This publication is included as Chapter 7 in this thesis. 
19 https://angularjs.org 
20 https://facebook.github.io/react-native/ 
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(Llewellyn, 2005) or the seven-step inquiry cycle (Murdoch, 2007). Unlike the IWE 
IBL engine in the weSPOT project, the DojoIBL engine properly implements the 
relation between ‘Inquiry’ (inquiry design) and ‘Inquiry Run’ (inquiry groups). This 
solves the problem that an ‘Inquiry’ could not be reused by different ‘Inquiry Run’ 
(inquiry groups). Ultimately, this means that groups of students can work and generate 
content independently following the same ‘Inquiry’ (inquiry design).  
The new DojoIBL engine benefits more from the other components than the IWE 
engine and offers special support for collaborative IBL approaches like the Communi-
ty of Inquiry (CoI) framework. The CoI (Garrison, 2015) characterizes the inquiry 
process as a continuous collaborative exploration of a topic of student’s interest. Thus, 
DojoIBL features an implementation of the ‘Mobile Notification’ and the ‘Inquiry 
Messaging’ component and offers a communication channel per “Inquiry Run’. This 
helps students and teachers to interact even when they do not share the same location. 
As chats are embedded within each ‘Inquiry Run’, discussions are contextualized to the 
topic and structure of an inquiry. The inquiry timeline interfaces with the notification 
engine. Every student contribution (e.g. new data sample taken, a comment made on a 
hypothesis) leads to a new entry on the timeline, providing an easy overview of all 
recent events and the flow of activities in an inquiry process. 
 
 
Figure 29: DojoIBL architecture. 
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5.6 Conclusions and future work 
In the last decade, rapid technological advances have led to a surge in tools to facilitate 
inquiry-based learning (IBL) in education. This manuscript contributes interoperable 
components for IBL, as a result of a long and thorough process of analyzing existing 
IBL tools. These components are available with a specification and an open API. And 
they have been progressively refined in close collaboration with school teachers and 
partners in the course of three European projects; weSPOT (Specht, Bedek, Duval, & 
Held, 2012), LA4S (Jaakonmäki et al., 2017) and Elite. 
To demonstrate the applicability of these components to develop IBL solutions, 
this manuscript presents two application scenarios. On the one hand, the weSPOT 
scenario shows how the components helped to set up an IBL architecture. The open 
API served as a contract between the partners of the weSPOT project, as it specified 
the communications between components. On the other hand, the DojoIBL platform 
illustrates how these components can steer the development of a new or redesigned 
architectures for inquiry-based learning.  
Future work will build on Berg et al. (2016) and focus on the integration of Learn-
ing Analytics support. A new component will be added to the architecture to enable 
connections with external Learning Record Stores (LRS) compliant with the xAPI 
specification. Additionally, further exploration of collaborative inquiry activities is 
necessary to extend and cover a wider range of collaborative inquiry scenarios. 
This manuscript contributed interoperable components that focused on issues like 
reusability, extensibility and open standards (Zbick, Vogel, Spikol, Jansen, & Milrad, 
2016). Therefore, third party IBL applications can easily integrate and reuse this func-
tionality to support data collection, inquiry orchestration and communication in col-
laborative IBL scenarios. 
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Chapter 6 
Structuring engagement in mobile inquiry-
based learning 
 
 
 
 
This chapter presents the first study that compares different inquiry structures and the use 
of a mobile inquiry tool on the students’ engagement, cognitive load, and motivation. 164 
secondary school students age 13-15 took part in an inquiry study making use of different 
versions of an online inquiry platform as also a mobile data collection application. Results 
show no difference on the overall knowledge gain, the motivation, as also the cognitive load 
dependent on the treatment. Nevertheless, differences have been found in the cohorts of 
students either studying for scientific (university level) or vocational level. 
 
 
 
 
 
 
 
 
 
 
 
This chapter is based on: Suárez, A., Ternier, S., & Specht, M. (2017). Structuring en-
gagement in mobile inquiry-based learning. Manuscript submitted for publication. 
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6.1 Introduction  
In light of current policy, a research focus on new forms of STEM learning has been 
defined by the European Commission (EC) and on national agendas. Inquiry-based 
Learning (IBL) is suggested as an efficient approach for propagating the practice of 
scientific inquiry and sparking student’s curiosity, by linking everyday day life phenom-
ena with science teaching in schools. When students actively engage in communicating 
their ideas around authentic questions, and building their own knowledge while follow-
ing a cycle of inquiry, in the process they develop disciplinary knowledge, together with 
disciplinary skills and practices. Since the disciplinary practices related to inquiry are 
complex and to a large extent not familiar to either teacher or students, the focus for 
educational designers needs to be on process support. Having laid out some of the 
complexities of Inquiry-based learning, Hmelo-Silver, Duncan, and Chinn (2007) stress 
that the pedagogical IBL models have to include extensive scaffolding to facilitate 
student learning. In their article they provide a good overview with clues for guiding 
and scaffolding the process. In addition, Hmelo-Silver et al. show examples of how 
scaffolding can support students to learn in complex domains and can reduce cognitive 
load. 
Scaffolding students’ engagement has been a concern for the research community 
in the last decade. Since minimally-guided learning approaches were criticized by 
Kirschner, Sweller, & Clark (2006) a lot of reactions arose demonstrating that scaffold-
ing helps students to learn in complex domains. Tasks can be structured in such a way 
that allows the learner to focus on those aspects most relevant to the learning goals; 
with tactical and strategic support we can provide increased access to information and 
aid student’s production (Blumenfeld et al., 1991) tools can be offered to help students 
manage their learning process (Van Joolingen, De Jong, & Dimitrakopoulou, 2007) as 
well as shape their performance and understanding by structuring and problematizing 
their work (Reiser, 2004). Furthermore, current possibilities for offering scaffolding by 
the way of mobile support (allowing for collaboration over time and place, across the 
walls of the classroom and just in time support) are starting to be explored more ex-
tensively (Wong et al., 2015). 
The complexity of the IBL process makes cognitive load a clear concern in the 
field, and many attempts have already been made to lower this load (Hwang, Wu, et al., 
2011; Suarez et al., 2015)21. Cognitive load theory (Van Merriënboer & Paas, 2003) 
poses that in complex learning scenarios, like IBL, learners can get overwhelmed by 
the need to process simultaneously, a large number of information elements and their 
interactions. Another concern for educators wanting to implement IBL in their class-
rooms is student motivation (Edelson, Gordin, & Pea, 1999). There are indications 
that the introduction of IT components (like mobile IBL learning supports) may im-
                                                        
 
21 This publication is included as Chapter 2 in this thesis. 
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prove student motivation, engender positive attitudes and enjoyment (Ahmed & 
Parsons, 2013; Anastopoulou et al., 2012; Hung et al., 2013; Lai et al., 2010; Looi et al., 
2011; Schaal et al., 2012). 
6.2 Structuring inquiry-based learning: the weSPOT model and 
toolkit  
weSPOT stands for a ‘Working Environment with Social, Personal and Open Tech-
nologies’ for IBL. The weSPOT toolkit is based on an inquiry process model devel-
oped by a European project (Mikroyannidis et al., 2013; Specht, Bedek, Duval, & Held, 
2012). This theoretical model views inquiries as learning experiences, through which 
learners develop understandings of scientific concepts, ideas and skills. weSPOT in-
quiries are embedded in real-life contexts and everyday personal experiences. Ideally, 
an inquiry starts when the learner experiences a moment of wonder, that triggers the 
learner to pose a question and start an inquiry to find answers. In school-based inquir-
ies, teachers often provide such triggers in the form of topics or themes from which 
learners have to distil questions for further research. 
The weSPOT model operationalizes the process through six phases: Questions, 
Operationalization, Data collection, Data analysis, Interpretation/discussion and 
Communication. (Protopsaltis, Seitlinger, & Chaimala, 2013). Inquiry activities that 
learners perform in each phase, guide learners through the process of exploring phe-
nomena in a way similar to the way scientists do research, starting with a problem or 
question, determining the method of investigation, collecting, analysing and interpret-
ing data, and presenting conclusions. Figure 30 shows the six phases of the inquiry 
model used in the weSPOT inquiry toolkit. Phases are made visible in the learning 
environment to make students aware of how the process is organized, and that the 
phases are continuous, building onto each other. Breaking the process down like this is 
meant to help students better manage their learning.  
 
 
Figure 30: The six phases of the weSPOT Inquiry-based Learning model. 
At system level, a set of possible activities is defined through widgets’ - small desktop 
applications, that invite the user to act in a particular way. Thus, the system includes 
widgets like a Question widget, a Mind Map widget, a Note widget, a Mobile data col-
lection widget, a File (upload) widget, Discussion and Reflection widgets. The Ques-
tion widget, for instance, is used in phase 1 for students to provide their wonder mo-
ments, the Mind Map widget to create mind maps around the phenomenon under 
study, the Discussion widget to discuss criteria for collecting data in phase 2 and the 
File widget to upload a final presentation in phase 6. Figure 31 illustrates it with an 
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example of an inquiry with several widgets in use. The complete weSPOT activity 
structure includes up to 37 activities.  
By using the widget’s functionalities students make different types of contributions 
on the weSPOT platform. They can create something (for instance create a question, 
create a discussion); they can reply, respond, answer or comment to something (for 
instance, comment on a note which another student created); they can delete or edit 
contributions which were made earlier (like delete or edit a question, an answer, a mind 
map, a page or a comment, or delete a reply to a discussion/topic), and they can rate 
contributions made earlier (like rating data collected with the mobile data app, to eval-
uate the quality). 
When they design inquiries, teachers make a selection of activities for students and 
widgets. Ideally, all 37 activities can be included by the teacher in the inquiry process, 
however the teacher can also limit the number according to the chosen design. Teach-
ers can select the phases they want to include, and in each phase the associated activi-
ties, which can be set up in the working environment automatically.  
One of the widgets integrated in “Collect the data” phase is the Personal Inquiry 
Manager (PIM). It is a mobile application developed for Android and iOS to manage 
inquiries in context. It extends data collection functionality and it enables chat com-
munications among students and teachers beyond the classroom walls. The PIM is 
connected to weSPOT platform, so every piece of information is synchronized and 
available from both places. The nature of the inquiry leads to students stepping out of 
zones of wireless internet. However, the PIM is a suitable tool for every context, be-
cause in these situations it works offline and it stores the information locally until stu-
dents come back to areas with internet connection. 
 
     
Figure 31: Three screen shots of the Personal Inquiry Manager (PIM) mobile app for android. 
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In the current study the effects of a (mobile) toolkit and the structure the IBL process 
are explored. The ways in which the underlying pedagogical activity model and de-
signed toolkit scaffold the learning process will be described next. In line with back-
ground presented above, this study addressed the following research questions: 
1) What was the level of engagement of students with the weSPOT structure (the 
phases and the activity structure)? 
2) What is the effect of structuring the inquiry (in 6 phase model) upon students’ 
learning, compared to students learning in a less detailed structure inquiry (1 
phase)?  
3) What was the level of motivation of students working with the weSPOT platform, 
and did the motivation differ between conditions? 
6.3 Method 
The study was realized as a quasi-experimental, pre-test post-test design. 164 students 
took part in the study, of which 103 eventually made a contribution to the online plat-
form. The research questions will be answered using descriptive statistics and correla-
tional statistics. 
6.3.1 Participants 
A total of 164 students, 80 females, 95% 13-14 years old, from 6 K-8 classes of the 
same secondary school participated in the study. Two cohorts of students participated 
in the study: 84 students attended the 6-year pre-university stream (VWO/ pre-
University), 80 students attended a pre-professional education stream of 5 years 
(HAVO/ pre-College). Each cohort comprised three classes, each class had between 
20 and 25 students. 
6.3.2 Research setup 
The study was conducted at a Dutch secondary school in which a part of the Science 
curriculum is organized through inquiry learning thematic projects. The learning objec-
tives were to develop conceptual knowledge in combination with inquiry skills: infor-
mation seeking, presentation, collaboration, critical thinking. In all classes the same 
inquiry task was set for the students - to design a healthy meal for a specific target 
group. Students could choose the type of meal - breakfast, lunch or dinner - and the 
target group - an athlete, a diabetes patient or a teenager.  The topic and the inquiry 
task in nine variations (3 types of meal x 3 target groups) was designed by researchers 
in collaboration with the teacher. According to the design, the inquiry task would start 
from generating “need to know” items, formulating questions and determining the 
research strategy. Further on, students were to collect information, process it, fine-
tuning the focus and collecting additional data, if necessary. Results were presented to 
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the class as a final inquiry activity. Both the quality of the presentation and group work 
were subjects of assessment by the teacher. 
The students in each class were distributed by the teachers into 43 groups of three 
to four members (see Figure 32). Each group was free to choose a topic and a target 
group out of 9 options available in the weSPOT environment. To ensure that all stu-
dents had an equal chance of choosing the topic and the target group of interest, a 
total of 9 x 43 inquiry templates were provided. By selecting one of the options, the 
groups were randomly assigned to either the control or the experimental condition. 
1) The control group (condition 1) used a single phase weSPOT inquiry structure with 
7 basic activity widgets that covered the core activities of an inquiry without distin-
guishing specific phases. The inquiry process was not pre-structured by the toolkit. 
2) The first experimental group (condition 2) followed inquiry activity structure in a 
complete six-phase weSPOT environment. In total the students used 26 widget dis-
tributed among six phases (questions, plan the method, data collection, data analy-
sis, data interpretation and communication). 
3) The second experimental group used the same activity structure as condition 2 but 
also had a mobile application for data collection available, the Personal Inquiry 
Manager (PIM). 
6.3.3 weSPOT environment 
The weSPOT environment was customized to support students in their inquiries. 
Three versions of the environment were made available: a weSPOT environment with 
widgets for separate activities but without division into phases (control condition 1); a 
complete 6-phase weSPOT environment with widgets for the phase-based activities 
with a total of 26 widgets (experimental condition 2) and a complete 6-phase environ-
ment as in condition 1 enriched with the mobile data collection task and a mobile 
component to perform this task in the outside world (experimental condition 3). 
6.3.4 Materials 
In all conditions the same basic set of templates and materials was provided so that 
students could proceed with starting or pursuing searches, making calculations and 
reporting on the results independently. This set of materials included a nutrition value 
overview, an excel-file programmed for calculating product nutrition value; sheets with 
background information per type of case (target group) and a collection of recom-
mended links with background information on the topic.  
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Figure 32: Summary of the research study design. Three conditions. 
6.3.5 Measuring tools 
In this study three evaluation instruments were used to measure knowledge gain, cog-
nitive load and motivation before and after the treatment. Moreover, based on the 
students log files a procedure to calculate students’ engagement level was defined as an 
average of the different types of activities. 
Two knowledge tests were issued to measure knowledge gain. Both tests included 19 
identical multiple-choice items and the second test included additional five items on 
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the topic of healthy food.  An exemplary item: “Choose the correct response and the 
correct underpinning to the question “Is drinking fruit juice as healthy as eating a piece 
of fruit?  The items were based on the test validated by Prinsen, Terwel, Zijlstra, and 
Volman (2013). Correct items were scored as 1 point with a maximum of 19 for each 
test. Additional items issued in the post-test were calculated separately. Together with 
the two knowledge tests, the two teacher-led final assessments of final presentations 
and group work were included in the analysis. 
In addition, to get an indication of the cognitive load, a series of 6 questions known 
as NASA-TLX questionnaire (Hart & Staveland, 1988) were translated into Dutch and 
issued on the last day of the Project week. The questions refer to different aspects of 
the task and the perception of task difficulty, mental and physical effort it demands 
and perceived success on task performance. The 5 point Likert scale was used. The 
questionnaire was issued online. The items were analysed as separate one-item scales 
since the scale consistency was not confirmed by reliability tests. 
With regard to the evaluation of motivation, three subscales of the intrinsic motiva-
tion (IMI) instrument by Deci and Ryan (2000) was used. The questionnaire measured 
the change in students’ motivation over time and it was divided in the following sub-
scales: interest/enjoyment (3 items, an exemplary item: this task was fun to do), effort 
(3 items like “I tried very hard to do well on this activity”), value/usefulness (3 items, 
for example, I believe working on this task could be beneficial for me). The selected 
items had been validated with the target population previously (Firssova et al., 2014) 
and were used in several other pilots of weSPOT project (Rusman, Firssova, Janssen, 
& Specht, 2015). Internal consistency checks were done on each of the subscales and 
the complete scale of 9 items both in the pre-test and in the post-test. The wording in 
the pre-test and the post-test questionnaire contained references to either future or 
past activities. 
Finally, the last piece of information collected was the students’ engagement. The 
term engagement data can be defined as the interactions (contributions) made by each 
student in the environment in a specific time. This data was extracted from the log 
systems of the weSPOT environment. The information retrieved was formatted in 
xAPI format (Berg et al., 2016), a standard way to define and collect students’ interac-
tions in learning analytics. A statement in xAPI is based on at least four parts; who 
(performed the action in the system), where (the student generated the action in the 
system), when (the student performed the action) and what (the student did on the 
system). From the log data a total of 5124 interactions were retrieved. This information 
was used as an evidence to understand in which degree students engaged with the 
system. However, the log data also contained the information produced by teachers 
and designers, therefore the data was filtered out to separate student’s data. At the end, 
1252 interactions made by 115 students were used for further analysis.  
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6.4 Results and discussion 
143 students participated in the study, 21 did not fill the final questionnaire and 40 
students did not work with the system. At the end, 1174 student interactions were 
logged used for further analysis. All three experimental groups (n1=58, n2=50, n3=52) 
had an average age of 13.5. 
6.4.1 Knowledge gain 
Table 19 provides an overview of all the results for each of the group and the averages 
at cohort level. The knowledge has been measured in pre and post-test as also in a 
teacher presentation and process score. 
Table 19: Overview of knowledge gain on the different groups as also in higher and lower achiever groups. 
Item M (SD)  
Group 1 
(1 phase) 
Group 2 
(6 phases) 
Group 3 (6 
phases + PIM) 
HAVO 
 
Ath/Gym 
Pre-test, 19 items 13,8 (2,1) 13,7 (2,1) 13,8 (2,0) 13,1 (2,0)* 14,6* (1,8) 
Post-test, 19 items 14,2 (2,7) 14,0 (2,8) 13,2 (2,7) 12,7 (2,5)* 15,3* (2,3) 
Post-test, 5 add. Items 3,3 (1,1) 3,2 (1,0) 3,5 (1,3)  3,4 (1,2)  3,4 (1,1) 
Presentation score 7,4 (0,9) 7,2 (0,8) 7,1(1,1) 7,0 (1,0)  7,4 (0,7)** 
Participation score 7,2 (0,4) 7,3(0,4) 7,2 (0,5)  7,2 (0,6)  7,3 (03) 
* results are significant t(158)= 5,261, p=,000; 
** results are significant t(146)=2,86, p=,006 [Levene’s test of equal variances is sig!] 
 
There was no significant difference between the treatment groups. When HAVO and 
Atheneum/Gym groups are analyzed separately, all groups in VWO classes demon-
strate significant knowledge gain, (F(2,60)=5,801, p=,019). There is no significant 
knowledge gain in the HAVO-cohort. Table 20 illustrates results of the separate anal-
yses. The scores given by the teacher (on the final presentations and the participation) 
point to little differences between cohorts or conditions. 
6.4.2 Cognitive load 
As proxies for cognitive load, answers to a selection of questions of the NASA-TLX 
instrument were used. Table 20 provides an overview of the findings. Differences 
between the three conditions on separate items showed no significant differences be-
tween the groups nor cohorts. 
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Table 20: Cognitive effort for treatment groups and cohorts. 
Item M (SD)     
Group 1 
(1 phase) 
Group 2 
(6 phases) 
Group 3  
(6 phases + PIM) 
HAVO Ath/Gym m f 
How mentally 
demanding ... 
2,5 (1,2) 2,8 (1,0) 2,7 (1,2) 2,7 (1,1) 2.5 (1,1) 2,7(1,2) 2,7 (1,0) 
How hard did you 
have to work 
3,0 (0,7) 3,0 (0,7) 3,1 (0,9) 3,0 (,8) 3,1 (0,7) 3,1(0,7) 2,9 (0,8) 
How hurried or 
rushed 
   3, 0 (0,8)* 3,2 (0,7)*   
How insecure, 
discouraged etc. 
   3,0 (0,9) 3,1 (0,9) 3,1 (0,9) 3,0 (0,9) 
 
For control purposes, we checked whether the self-reports on the experienced task 
load were different between students from the two cohorts and between boys and 
girls. Independent-samples t-tests pointed out to differences between students from 
different cohorts: the VWO students’ answers indicate that they might have found the 
pace of the task more demanding (t (143) = 2,12, p = 0,2). Differences in experienced 
cognitive load between boys and girls were not significant. 
6.4.3 Motivation 
There was no significant difference in the IMI results between the treatment groups 
and cohorts. Overall there was a significant increase on the two subscales of the moti-
vation scale. Considering usefulness, the results show a significant increase for all par-
ticipants (t = -3.487, df = 139, p-value = 0.0006542), as also for the effort subscale t = 
2.9869, df = 137, p-value = 0.003339, for the other subscales no significant differences 
have been found. Between the treatment groups there are no differences, while there is 
a tendency in the usefulness subscale for the treatment groups 2 and 3. Furthermore, 
we see a main effect of time and an interaction effect of conditions. However, the 
picture is different if we split the data again into HAVO and VWO samples. GLM 
repeated measures indicates that for HAVO students, motivation does not significantly 
change, but there is an interaction with conditions of the experiment. For the VWO 
cohort, there is a main effect of time and no interaction effect. Figure 33 illustrates 
these findings. Analyzed at the subscale level, this trend is confirmed for the interest or 
the intrinsic motivation subscale and the usefulness subscale: differences in time are 
not significant for HAVO students but are significant for the VWO cohort: 
F(2,57)=8,008, p=,006 (interest) and F(2,60)=5,966, p=,018 (usefulness).  
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Figure 33: Changes in the motivation score over time for the HAVO and the VWO cohorts. 
6.4.4 Engagement with the activity structure 
As explained in the introduction, each activity within the activity structure is represent-
ed in a ‘widget’. Splitting the contributions by widget, the most used widgets are ques-
tions, with 385 interactions (35%), mind-maps, with 311 (28%) and discussions, with 
110 (10%). The type of contribution that students engaged in most was creating con-
tent (n=429; 39% of contributions), and rating content (n=313; 28% of contributions). 
Table 21 shows the rest of the engagement data. 
Table 21: Types of contributions. Group A = Atheneum + Gymnasium, Group B = HAVO. 
 Educational levels  Total 
Type of contribution Group A (n=84) Group B(n=80) Count Percentage 
create 203 (18,7%) 226 (20,8%) 429 39,53 
rated 89 (8,20%) 224 (20,64%) 313 28,84 
edit 52 (4,79%) 82 (7,55%) 134 12,35 
answer 26 (2,39%) 54 (4,97%) 80  7,37 
comment 17 (1,56%) 20 (1,84%) 37  3,41 
response 9 (0,82%) 10 (0,92%) 19  1,75 
reply 9 (0,82%) 5 (0,46%) 14  1,29 
NA - - 4  0,36 
 
To get an overall picture of how students in condition 2 and 3 engaged with the 6 
phase structure, we did a descriptive analysis on the interaction data from the log files 
of the weSPOT platform. We wanted to see if all phases generated equal levels of in-
teraction, or if students were more active in some phases than in others. A general 
comparison of condition 1 with conditions 2 and 3 (taken together) shows that in 
condition 1 students contributed an average of 10 contributions to the one phase they 
had available to them. This one phase included 7 activity widgets, so this represents an 
Structuring engagement in mobile inquiry-based learning 
121 
average of 1,4 contributions per widget. In conditions 2 and 3 the students contributed 
an average of 4,1 contributions per phase (averaged over the 6 phases). Since in condi-
tions 2 and 3 the phases had an average of 4,3 widgets per phase, this represents an 
average of 1 contributions per widget (note that the 6 phases included a total of 26 
activity widgets). So in general, while the students in condition 1 contributed an aver-
age of 10 contributions to their inquiries, the students in condition 2/3 contributed an 
average of 26 contributions to each inquiry. 
We also wanted to know if the inclusion of a mobile data collection app in condi-
tion 3 would make any difference in the engagement of student with the weSPOT 
structure. For this we compared condition 2 and 3. Graph 2 shows the results of the 
comparison, ordered by phase (starting with phase 1, defining the problem). An inde-
pendent t-test showed no significant differences for the interactions on the 6 phases 
between the two experimental conditions. We were especially interested to see if the 
mobile data-collection app made a difference in student engagement on phase 3 (the 
data-collection phase), but the difference turned out to be non-significant as well, t (10) 
= 0.58926, p = .5682. An explanation for this results can be the lack of opportunities 
to make use of the mobile affordances that mobile technology provides (Sung et al., 
2016). 
 
 
Graph 2: Engagement comparison between the experimental groups with 6 phases with and without the PIM. 
6.5 Conclusion 
Inquiry-based learning necessitates the active engagement of students with the discipli-
nary tools and practices that scientists employ. The weSPOT structure attempts to 
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emulate scientific practice. We found that students engaged well with the activity struc-
ture –there was no desired level, but an average of 1 contribution to each widget is a 
good score–, even if these were unequally distributed over the phases. The students’ 
engagement in the first phase was generally pretty high, but the subsequent phases 
showed a more diverse, declining pattern. The data from the platforms’ log show that 
students did not participate in all the activities that were set up, and they tended to skip 
specific ones. The observed peak of engagement in phase 3 for students from condi-
tion 3 was noticeable [no significant difference].  
The results on cognitive load are encouraging; the students did not seem to experi-
ence a high cognitive load, and their scores remained in the middle range. Since the full 
pedagogical activity model included 27 activities in total, which in group 1 was brought 
down to 7 ones might expect differences in germane and extraneous cognitive load, 
but since there were no significant differences it seems the number of activities did not 
factor into the perceived cognitive load; the need to process such a large number of 
information elements (and their interactions) did not overwhelm them. 
From the information harvested by the system we can learn which activities are 
more engaging to the students. However, this must be interpreted with caution. In the 
scope of the article we focused on the level of student’s engagement, rather than on 
the quality of those contributions. In addition, this indicates that letting the students 
rate their colleagues is engaging and it might help to increase the quality of the inquiry 
by increasing the quality of student’s contributions. However, the scores of the ratings 
also indicate that we need to be cautious. 207 (66%) of those rated actions got the 
maximum five stars, while the rest of the options were equally distributed below 40 
rated actions. 
To better explain how students do (and do not) engage in (mobile) inquiry-based 
learning, we should expand our analytic framework beyond too ‘narrow’ measurement 
of engagement. We agree that engagement is a multidimensional concept (Järvelä, 
Veermans, & Leinonen, 2008) that can be used to link the antecedents and conse-
quences of student participation in IBL (taking into consideration how they think ‘and 
how they feel) when they get involved in these new learning environments and practic-
es. 
Our findings encourage us to investigate plausible solutions to cope with this lack 
of engagement. Support strategies for the division of labour, and making the inquiry 
tasks meaningful to students will be addressed in further interventions. Also, learning 
process analytics may help focus students on the IBL process; providing students with 
more contextual information may allow students to better understand the essence of 
inquiry-based learning. 
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Chapter 7 
Nurturing communities of inquiry: 
A formative study of the DojoIBL platform  
 
 
 
 
This chapter presents a formative evaluation of the DojoIBL platform. The chapter elabo-
rates on the theoretical underpinning of DojoIBL, describes its added value and presents a 
system usability study and user experience evaluation with experts in the field. The results, 
that helped to developed new functionality and make the platform more stable for learners 
and teachers showed a positive acceptance from participants. Results also showed that Do-
joIBL seems to be a suitable tool to support essential components of communities of inquiry. 
This chapter helped also to put DojoIBL into practice with more guaranties of success. 
 
 
 
This chapter is based on: 
Suárez Á., Ternier S., Prinsen F., & Specht M. (2016) DojoIBL: Nurturing Communi-
ties of Inquiry. A demo paper in Proceedings of Adaptive and Adaptable Learning. EC-
TEL 2016. Lecture Notes in Computer Science, vol 9891. Springer. 
 
and 
 
Suárez Á., Ternier S., Prinsen F., & Specht M. (2016) Nurturing Communities of In-
quiry: A Formative Study of the DojoIBL Platform. In Proceeding of Adaptive and 
Adaptable Learning. EC-TEL 2016. Lecture Notes in Computer Science, vol 9891. 
Springer.  
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7.1 Introduction 
In recent years, there has been an increasing interest in socio-constructivist learning 
methods e.g., (mobile) inquiry-based learning (IBL) (Bruder & Prescott, 2013), as well 
as the technological tools that support them (Vogel, Spikol, Kurti, & Milrad, 2010). 
IBL is often characterized as a collaborative process, in which a combination of infor-
mal and formal activities socially interconnected. These need to be seamlessly support-
ed in order to provide an effective and complete experience to the students. The col-
laborative inquiry process was aptly defined in the ‘Community of Inquiry’ approach 
(Peirce & Buchler, 1955), which emphasizes that creation of knowledge requires social 
interactions from individuals with different background information.  
However, there is still a lack of research on the technological affordances which 
can be offered to enhance the IBL process and nurture a community of inquiry. For 
instance, the power of cloud-based services in combination with instant communica-
tion or notifications have not been entirely explored in the context of inquiry-based 
learning. Previous studies conducted in the context of the weSPOT European project 
(Specht, Bedek, Duval, & Held, 2012)22, a three-year project in which experience and 
knowledge about IBL have been acquired, showed that there were issues integrating 
and using technology in collaborative IBL processes. These issues were related to the 
lack of adequate technological affordances nurturing the communities of inquiry. Cer-
tainly, teachers faced difficulties to encourage and to help students explore topics as a 
community. 
In our effort to study an affordable solution that combines the essential elements 
to support IBL with the added potential of new technological affordances to support 
collaborative inquiry, this research study contributes DojoIBL, a platform that focuses 
on supporting ‘Community of Inquiry’ (CoI).  
In the first two sections we will elaborate the theoretical underpinnings of Do-
joIBL; existing IBL solutions and social collaborative tools are discussed, and the ra-
tionale to develop DojoIBL is explained. Next, the design principles of the DojoIBL 
are described. The added value of DojoIBL, as compared to other IBL solutions, is 
argued in section four. Thereafter, in section five and six, the research design of the 
study is introduced and the results of a study into DojoIBL user experiences are de-
scribed. Section seven elaborates on the interpretation and discussion of the results. 
Finally, the conclusion and the future work of the DojoIBL platform are outlined. 
                                                        
 
22  http://inquiry.wespot.net/ 
Chapter 7 
126 
7.2 Theoretical background 
Inquiry-based learning is defined on the premise that learning is more than memoriz-
ing information, rather it is a process of understanding, developing inquiry skills and 
constructing knowledge sparked by curiosity (Bell, Urhahne, Schanze, & Ploetzner, 
2010). Often, these inquiry processes incorporate an element of collaboration, which 
was defined in Dillenbourg (1999) as the engagement of students in a common en-
deavor. Collaboration transforms the inquiry activities into processes of co-
construction of knowledge around shared understandings or concepts. Collaborative 
inquiry learning has also been defined in Scardamalia and Bereiter (1991) in its 
Knowledge building approach, as an unpredictable, holistic process of creative devel-
opment of ideas within a community of learners (Bell et al., 2010). Moreover, socio-
constructivist learning theories stated that knowledge is materialized when people, with 
different background information, collaborate to find answers to a problem. 
7.2.1 Community of Inquiry 
These definitions of collaborative inquiry-based learning, anticipated the concept of 
community in IBL. (Peirce & Buchler, 1955) coined the term ‘Community of Inquiry’ 
(CoI) to refer to a group of individuals (facilitators and students) transacting with the 
specific purposes of facilitating, constructing, validating understanding and developing 
capabilities leading to further learning. In other words, the CoI framework is con-
cerned with the nature of knowledge formation in IBL. Piaget (1959) already defined it 
as a continuous exploration of a topic of students’ interest, where community mem-
bers (students) engage in social interactions to generate shared understanding. It has 
been shown in the literature that text-based communications have a considerable po-
tential to facilitate the creation of communities of inquiry (CoI) (Garrison, Anderson, 
& Archer, 1999; Pardales & Girod, 2006). As already mostly evident in the definition 
given in Garrison et al. (2001), CoI comprises three essential components to any edu-
cational transaction: cognitive presence, which is defined as the capability of each partic-
ipant in the CoI to construct meaning through sustained communication (Garrison et 
al., 1999), social presence that relates to the ability of students to positioned themselves 
socially and affectively in the CoI (Rourke, Anderson, Garrison & Archer, 2007) and 
teaching presence, which is characterized as the design, facilitation and direction of 
cognitive and social processes in order to produce meaningful co-creation of 
knowledge (Anderson et al., 2001).  
Carroll, Rosson, Convertino, and Ganoe (2006) emphasized the need to establish a 
common ground and perform in a community of practice (even broader than CoI) in 
order to work and learn efficiently. Notifications and awareness in collaborative activi-
ties can contribute to achieve this common ground (Carroll, Neale, & Isenhour, 2003). 
Carroll et al. (2003) defined the three following types of collaboration awareness. So-
cial awareness, relates to the presence of others working in parallel and it involves 
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motivational or attitudinal aspects like timing, frequency or intensity. Action awareness 
copes with the idea that social awareness is not enough. Besides knowing who is 
around, students must be informed about what is happening. The last type, activity 
awareness, advices organizational and structural changes that help students to under-
stand the context of the inquiry activity. 
7.2.2 Social collaboration supported with technology 
Research has shown that technology can support inquiry-based learning (Edelson, 
Gordin, & Pea, 1999; Lehtinen et al., 1999; Van Joolingen, De Jong, Lazonder, 
Savelsbergh, & Manlove, 2005). We attribute this to advancements in technology and 
its capacity to rapidly offer new possibilities for scaffolding and supporting the inquiry-
based learning process. Premised on the theoretical framework of social constructiv-
ism, inquiry-based learning supports co-creation of knowledge through social interac-
tions, between students-students and students-facilitators. Co-Lab (Van Joolingen et 
al., 2005), an online desktop environment offering an integrated approach for collabo-
ration, modeling and inquiry, already addressed this to promote scientific discovery 
learning. Other developments such as nQuire (Mulholland et al., 2012)23, a software 
application to guide personal inquiry learning, or Go-Lab24 (Gillet, De Jong, Sotirou, & 
Salzmann, 2013) (through Graasp25) a project that provides guided experimentation 
that helps them acquiring inquiry skills, addressed collaboration. However, these plat-
forms have not yet fully exploit emerging technological affordances. More recently, 
educational platforms like Edmodo26 or ClassDojo27 have enabled students to connect 
and to collaborate using cloud-based and social functionalities similar to the affordanc-
es of most popular social network platforms. Edmodo is a social learning community 
where students, teachers and parents form communities or groups of their interest. It 
uses the timeline metaphor to display the latest posts in the communities or groups the 
user is following. The user’s contributions are based on the following four types; notes, 
assignments, quiz or polls, which allow participants to connect around shared ideas. 
Comparable, ClassDojo is a communication platform that aims at encourage students 
to learn in a happier way engaging parents in the process. ClassDojo has three visuali-
zations for the classroom; class story, a timeline visualization of the latest contributions, 
a classroom visualization where all the students are displayed facilitating students’ re-
warding and messages visualization to easily connect with others. Both initiatives pro-
vide resources to increase students’ awareness and communication.  
Group awareness has been an emerging topic in Computer Supported Collabora-
tive Learning (CSCL) research (Bodemer & Dehler, 2011). Three types of awareness 
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can be extracted from the above research studies; process, social and activity awareness 
(Carroll et al., 2006; Carroll et al., 2003). Each of the studies focuses on helping stu-
dents to visualize and manipulate social processes in order to understand how the 
group moves forward. Moreover, regarding communication, it has been proven in 
literature that text-based communication has a considerable potential to facilitate the 
creation of communities of inquiry (CoI) (Peirce & Buchler, 1955) (Pardales & Girod, 
2006). 
To sum up, current platforms (Gillet et al., 2013; Mulholland et al., 2012) have 
sought to support the IBL process. These platforms have yet to fully harness the af-
fordances of educational and social network platforms (e.g. ClassDojo and Edmodo) 
and emerging technological tools to support social collaboration and to nurture com-
munity of inquiries. Hence, based on existing initiatives and studies, this research ex-
plores the affordances of emerging technologies in the design of DojoIBL to foster 
communities of inquiries. Essentially, it investigates how DojoIBL can facilitate social 
interactions and raise students’ awareness of collaborative IBL processes. 
7.3 Research design 
This research study introduces DojoIBL, a multi-device Learning Content Manage-
ment System28 (LCMS) to scaffold and to support students’ collaborative knowledge 
co-construction process in IBL. Rather than delivering course content material, Do-
joIBL provides the tools and the structure to foster collaborative IBL processes from 
any device. DojoIBL has been developed following a design-based research approach 
(Barab & Squire, 2004) in which teachers, designers and researchers collaboratively 
generate feedback feeding the iterative and incremental development process. Results 
of the weSPOT European project (Mikroyannidis et al., 2013), showed that it is im-
portant to involve teachers in the early stages of the design and development process; 
giving us a broader perspective on the flexibility that the platform should have. The 
weSPOT project experiences and knowledge encouraged our team to develop Do-
joIBL, following several design principles that will be summarized. 
The weSPOT project showed that students can be overwhelmed if the cognitive 
requirements demanded by our system are too high. Therefore, one of our aims was to 
reduce extraneous cognitive load, by ensuring that all elements included in DojoIBL add 
value to the learning experience. Thus, unnecessary information or elements that dis-
tract students from learning have been avoided in the interface, and visual representa-
tions of the inquiry process have been used to make the system more intuitive. Moreo-
ver, research studies on IBL (Pedaste et al., 2015; Specht, Bedek, Duval, Held, et al., 
2012) exemplify the need to scaffold the inquiry learning process hence, DojoIBL 
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breaks down the inquiry process into phases, and the phases into activities, in order to 
provide implicit guidance on the inquiry process. 
Inquiry-based learning is a collaborative process (Bell et al., 2010; Donohoo, 2013; 
Scardamalia & Bereiter, 1991) where students also learn from their peers by reflecting 
and building on top of one another’s ideas. Hence, DojoIBL implements an instant 
messaging system supporting cognitive presence, social presence and teaching presence 
(Anderson et al., 2001; Garrison et al., 2001; (Rourke, Anderson, Garrison & Archer, 
2007) which contributes to generate a Community of Inquiry (Pardales & Girod, 2006; 
Pierce, 1955). Yet, students per se are not skilled on acting as a community. Conse-
quently, teachers’ orchestration (Dillenbourg, Järvelä, & Fischer, 2009) and scaffolding 
remain essential (Hmelo-Silver, Duyncan, et al., 2007), especially at early stages of the 
inquiry process. In addition to instant messaging, DojoIBL implements a notification 
system and an inquiry timeline, which facilitates asynchronous collaboration and raise 
awareness among students (Carroll et al., 2003).  
In short, DojoIBL focuses on adding value to the authentic inquiry experiences, 
providing an intuitive, simple and flexible tool that enables collaborative self-directed 
learning for students and just in context - time and place - orchestration for teachers. 
7.4 Affordances of DojoIBL 
DojoIBL is an open source platform that builds on the ARLearn framework (Ternier 
et al., 2012), a PaaS cloud-based architecture deployed in Google App Engine (GAE). 
DojoIBL is a Learning Content Management System that provides atomic inquiry ele-
ments to structure collaborative inquiry processes. This section illustrates how the 
design challenges are addressed in DojoIBL, as well as discusses the added value of 
DojoIBL as compared to existing IBL solutions. 
One of the main characteristic of DojoIBL is that users are able to design blueprints 
or templates for an inquiry structure. That means, several inquiries can be created based 
on the same blueprint or template of an inquiry structure. As a consequence, students 
can work in groups on different topics using a common inquiry structure. In addition, 
similar to what other educational platforms like Spiral.ac29 or Edmodo30 do, DojoIBL 
generates unique codes for each inquiry group. Consequently, managing and organiz-
ing students in inquiry groups can be reduced to share the specific codes with them. 
This functionality addresses one of the design requirements introduced before: simplic-
ity. 
Another design requirement highlights the necessity to work with intuitive designs 
and platforms that help students understand the inquiry process. The opportunity to 
practice, understand and master the steps needed to answer any given question helps 
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students to be more self-directed learners and to be less dependent on facilitators’ 
scaffolding. For instance, existing solutions like nQuire, uses visual representations of 
the inquiry cycle. In DojoIBL, inspired by those existing solutions, an interactive visu-
alization of the inquiry structure is used (Figure 34). This visualization builds on the 
IBL model (Mikroyannidis et al., 2013) and represents every inquiry phase as a cycle, 
that when clicked opens the activities related to this phase.  
 
 
Figure 34: Visualization of the inquiry process on the Colony on Mars activity. 
DojoIBL aims at supporting authentic and transformative (Tafoya, Sunal, & Knecht, 
1980) inquiry learning processes. Rather than teachers providing the conceptual 
knowledge, IBL relies on teachers orchestrating and scaffolding the process using 
different strategies or structures (Tafoya et al., 1980). To help students achieve higher 
order thinking and to create opportunities for students to develop their inquiry skills 
and their own understanding around questions, DojoIBL uses atomic inquiry elements. 
An atomic inquiry element is defined as the smallest re-usable type of activity that can 
be added to an inquiry phase. Currently, there are six types of activities available in 
DojoIBL, and each type provides a specific pedagogical affordance: 
• The research question is an essential part of IBL where students collaboratively 
work around a shared question or topic. It aims at developing critical thinking skills 
(Ahern-Rindell, 1998; Garrison et al., 2001; Garrison et al., 1999), and it must be 
supported with tools to generate individual discussions, which enables self-directed 
learning as each student can create his/her own question, and other can contribute 
to it.  
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• Discussion forms the simplest type of activity which is based on plain text. Stu-
dents can find a description, a story or a definition that inspire them about the spe-
cific topic. Activities are flexibly enabling any kind of activity design. For example, 
activities inform the student about the criteria (i.e. rubrics) that the teacher will use 
to evaluate in that particular activity. This will help students to work towards a save 
direction (Figure 35). 
• Data collection enables the visualization and uploading of data to DojoIBL. Every 
piece of research contains some sort of data collection, which very often consist of 
collecting existing information on the Internet or in their environment.  
• Concept mapping helps students to represent and organize knowledge and con-
cepts around a topic (Akinsanya & Williams, 2004). We have developed a type of 
activity that stores the information on the server, rather than relying on services like 
Mindmeister31 that stores the concept map data externally. 
• External plugin enables the integration of external widgets repositories like GoLabs 
(Gillet et al., 2013). Those widgets provide the possibility to conduct scientific ex-
periments in a virtual environment. 
• Multimedia are similar to discussion activity but it adds the possibility to incorpo-
rate a multimedia element to inspire students. The multimedia can be used to sup-
port the description of the activity. 
 
The activities are provided with an individual section for comments or explanations. 
Students can, for example, share, negotiate or compare their ideas. Actually, they can 
experience what the study (Garrison, 1992) defined as the five phases of negotiation 
and knowledge co-construction: sharing and comparing, dissonance, negotiation, co-
construction, testing and application. In addition, in order not to increase extraneous 
cognitive load for students, the design is inspired on existing social network platforms. 
The idea is to help students to get confidence with system quickly to speed up the 
adaptation phase. 
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Figure 35: Example of activity type: discussion. 
The last requirement in the design section was the support of collaboration. The in-
stant messaging system (right side of Figure 36) offers a communication channel that is 
contextualized to the inquiry topic, therefore discussions through the chat system are 
embedded in a context which helps to focus the discussions. The instant messaging 
facilitates the support of the three essential components of any educational transaction; 
cognitive, social and teacher presence (Anderson et al., 2001; Garrison et al., 2001; 
Rourke, Anderson, Garrison & Archer, 2007). In addition, using an integrated com-
munication channel external ways of communication are not needed anymore. This 
avoids the organizational burden of collecting students and teachers phone numbers or 
accounts to have a shared channel to communicate. 
Additionally, DojoIBL implements a notification system and an inquiry timeline (see 
Figure 37). The timeline metaphor (Vavoula & Sharples, 2002) works as a common 
ground where teachers and students have a high-level overview of the inquiry progress. 
Both the timeline and the notification system, promote collaboration awareness based 
on social, action and activity awareness described in Carroll et al. (2006). Many social 
networks like Facebook and Twitter and also educational platforms like ClassDojo and 
Edmodo provide excellent patterns for communication that are used every day by a 
large number of users. Inspired by these patterns, DojoIBL integrates several function-
alities to facilitate students’ collaboration and communication combined with atomic 
inquiry elements. 
 
Nurturing communities of inquiry: A formative study of the DojoIBL platform 
133 
 
Figure 36: Inquiry timeline with the chat visible on the right side. 
7.5 First formative assessment 
DojoIBL will be used in already planned interventions in Dutch schools. In order to 
address any potential problems with the platform, a formative study was undertaken. 
The goal of this formative study was to get an understanding of how users perceived 
the integration of IBL functionalities with social collaborative tools.  
For this experiment we had a total number of 11 experts in the field of Technology 
Enhanced Learning. Participants were invited to take part in the experiment voluntari-
ly. To get an understanding of how the users perceived DojoIBL, a standardized User 
Experience Questionnaire (UEQ) (Laugwitz, Held, & Schrepp, 2008) was used. The 
UEQ was designed to obtain a fast and immediate measurement of the user experience 
of interactive products (Santoso, Barat, & Schrepp, 2016). It consists of 26 items that 
measure the perception of a user interface regarding pragmatic, hedonic and attractive-
ness dimension. Attractiveness represents the overall impression of the product, where-
as pragmatic and hedonic are defined as follows. Pragmatic dimensions include:  
1) perspicuity: How easy is it to get familiar with the product? 
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2) efficiency: Can users solve their tasks without unnecessary effort? 
3) dependability: Does the user feel control of the interaction? 
 
Hedonic dimensions include:  
1) stimulation: Is it exciting and motivating to use the product? 
2) novelty: Is the product innovate or creative? Does the product catch the interest of 
the users? 
 
Attractiveness is represented by 6 items whereas pragmatic and hedonic by four items 
each. Next to the UEQ, the users perceived usability of DojoIBL was measured using 
the System Usability Scale (SUS) (Sauro, 2011). SUS is a reliable tool for measuring 
usability, which consists of 10 items with five possible answers. Both UEQ and SUS 
are quantitative analysis, therefore to complement the evaluation a semi- structured 
interview was used. This interview consists of three open questions for collecting more 
qualitative feedback. 
7.5.1 Experimental design  
This formative study lasted for one and a half week. To inform and exhort participants 
to take part in the experiment, two emails were sent to them. The first one was sent a 
couple of days before the experiment started and it explained the goal and described 
the activity. The second email, sent on the same day where the activity started, provid-
ed the credentials for the participants to access DojoIBL. Participants were instructed 
to login DojoIBL, to join one inquiry using an inquiry code and to follow the activities 
created within the inquiry. 
As the goal of the experiment was to know how users perceived the tool, we pro-
vided the participants a series of activities based on open ending questions to engage 
them with DojoIBL. During the time that the activity was running, participants talked 
in parallel about the topics discussed in DojoIBL. To collect feedback about the user 
experience (UX) participants were invited to answer questionnaires. 
7.6 Results 
The 11 participants generated in DojoIBL 260 messages in the chat and 92 responses 
for the 5 activities created for the inquiry. From those 92 responses, 31 were generated 
in the concept map and 61 were comments to activities (43 were initial comments and 
18 replies to other’s comments). The means (ranging from -3 to 3) and standard devia-
tions (in parenthesis) of the UEQ dimensions for the 11 participants were: attractive-
ness 2.04 (0.51), perspicuity 1.84 (0.55), efficiency 1.82 (0.51), dependability 1.43 (0.82), 
stimulation 1.77 (0.61) and novelty 1.61 (0.67). According to these results, participants 
were equally satisfied with the judgment of hedonic and pragmatic quality dimensions 
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and slightly more satisfied with the attractiveness dimension. For testing the reliability 
of the dimensions, Conbrach’s Alpha was calculated for each dimension. Attractiveness 
0.85, perspicuity 0.7, dependability 0.69 and stimulation 0.71 showed a satisfactory relia-
bility. Comparing the results to a benchmark based on data from 163 studies, DojoIBL 
scored in the 10% best results in all the scales besides dependability. 
 
 
Graph 3: DojoIBL scores comparison to benchmark. 
The overall usability of DojoIBL was rated as high by the participants (see Graph 3). 
The mean score for the SUS was 78.0 (12.6). The confidence interval, with confidence 
level on 95%, ranged from 69.46 to 86.45. For testing reliability Conbrach’s Alpha was 
calculated obtaining 0.81, which shows a satisfactory reliability. According to SUS, 
both the mean and the confidence interval are above 68 which is considered above the 
average. 
From the semi-structured interviews, a number of issues were identified. In five 
cases, the participants reported problems while navigating back to the phase from the 
activities. Respondents stressed that going back to the phase overview was not intuitive 
enough. Also three participants noted problems positioning nodes in the concept 
maps. The suggestions for improving included a better way to qualify and label the 
links in the concept map, default inquiry templates while creating new inquiries follow-
ing existing inquiry models and the integration of learning analytics.  
The results, as shown in Graph 3, confirmed that participants liked DojoIBL and it 
can be appreciated in several comments like “I really like the social functionality” or “I 
like the timeline” found in the chat.  
7.7 Discussion 
DojoIBL has been developed through a process of design-based research, which pro-
motes progressive refinement of the design (Barab & Squire, 2004). Our conception of 
social collaborative inquiry learning and its support using DojoIBL motivated the con-
ceptual basis for DojoIBL design, development and refinement leading to the impend-
ing interventions in the schools. 
Our goal in this formative study was to gain a better understanding of the way in 
which the users perceived DojoIBL. In particular, how they perceived the integration 
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of social collaborative tools into an IBL platform. The UEQ scales efficiency, perspicui-
ty and dependability, which measured classical usability, showed that participants per-
ceived DojoIBL as a suitable platform to elaborate and hold discussions around open 
ended questions. In addition, log data also supported this perception. Participants 
contributed 8 times on average to activities and they sent on average 23 messages to 
the chat. The 11 participants were merely instructed to read the description of the 
activities, having the freedom to contribute or not. Their levels of engagement in social 
interactions shows that DojoIBL supports social collaborative processes. These inter-
pretations can be confirmed by the SUS questionnaire, where participants, with a high 
reliability, found the system easy to use and the DojoIBL functionalities very well inte-
grated. 
More interpretations can be extracted from the semi-structured interviews. In gen-
eral participants described the instant messaging as very convenient an intuitive re-
source to communicate and to ask for specific support. Thus this showed support for 
two of the components of any educational transaction defined in CoI (Pardales & 
Girod, 2006; Pierce, 1955): social and teaching presence. Regarding cognitive presence, 
participants found the possibility to discuss around inquiry activities very interesting. 
They argued that, while instant messaging provides a quick way to communicate an 
idea, the affordance to also comment on activities provide students time to reflect and 
to elaborate their contributions. Therefore, this way of communication might be pref-
erable to instant messaging or even oral communication when the goal is to increase 
high-order cognitive learning (Garrison et al., 1999).  
Participants also reflected about the degree of awareness supported. It seemed that 
social and action awareness (Carroll et al., 2006) were covered with the combination of 
using notifications and the timeline, as the participants found them convenient to track 
what others’ were doing. However, no evidences were reported about the support of 
activity awareness, which informs users about organizational or structural changes.  
In summary, the overall impression from the participants was positive. Besides the 
feedback that will be addressed and included in the next round of development, partic-
ipants were excited about the potential of DojoIBL. This was explicitly manifested 
when some participants showed their interest about future steps of DojoIBL in terms 
of interventions with students and the roadmap for future updates. 
7.8 Future work and conclusions 
This manuscript presented DojoIBL, a Learning Content Management System that 
aims at nurturing ‘Community of Inquiry’ (CoI), by helping students to co-create 
knowledge through social interactions. It combined essential elements to support in-
quiry-based learning (IBL) with social collaborative tools in order to facilitate better 
collaborative processes. In short, DojoIBL focused on adding value to teachers and 
students’ IBL experiences by providing a simple, intuitive and flexible tool. 
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This formative study informed about how the users perceived DojoIBL, particular-
ly the integration of collaborative tools into an IBL platform. The results showed a 
positive acceptance from participants, perceiving DojoIBL as a suitable tool to engage 
in collaborative inquiry processes. In addition, the results also showed that DojoIBL 
copes with the three essential components to any educational transaction described in 
CoI: cognitive, social and teaching presence. 
In future developments of DojoIBL, the integration of role support (Strijbos & De 
Laat, 2010) to enable testing the role taking strategy in IBL processes will be addressed. 
Roles, as a way to foster communities of inquiry by facilitating interactions between 
inquirers and fostering positive interdependence (D. Johnson, Johnson, & Smith, 
1991) will be further investigated. 
To conclude, this manuscript contributed DojoIBL, an open source platform that 
aims at fostering communities of inquiry for driving students’ success facilitating the 
acquisition of the so called 21st century skills, e.g. communication and collaboration. 
  
 139 
Chapter 8 
The process is the product: Pursuing students’ 
agency throughout the communities of inquiry  
 
 
 
 
This last chapter of the third section, and also of the thesis, describes an implementation of 
DojoIBL in a real classroom scenario. The chapter reports about the usage of DojoIBL 
supporting roles in a collaborative inquiry project. The project lasted for 5 weeks and the 
10 participants carried out an inquiry in the context of World War 1 in order to improve 
their reading and listening comprehension skills. In order to gain a better understanding of 
how roles supported with DojoIBL worked, a discourse analysis and semi-structured inter-
views with the students took place. The results provided practical guidelines that help to 
optimize the management and the support of collaborative inquiry based processes using 
roles and DojoIBL. 
 
 
 
 
 
 
 
 
 
 
This chapter is based on: 
Suárez Á., Ternier S., & Specht M. (2017). In preparation for submission.  
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8.1 Introduction 
Inquiry-based learning has been defined on the premise that learning is more than the 
process of memorizing information. Dewey (1933, 1938) argued that as a product of 
the inquiry the scientific knowledge develops, and therefore inquiry-based learning 
should be promoted. Inquiry-based learning emphasizes learners’ responsibility and 
active participation for discovery and co-creation of new knowledge (De Jong & Van 
Joolingen, 1998). Very often, inquiry-based learning incorporates an element of collab-
oration, that has been demonstrated to have a positive influence on the inquiry process 
(Saab et al., 2012; Scardamalia & Bereiter, 2006). However, promoting learners’ agency 
and providing the right scaffolding to support these collaborative processes has been 
one of the major challenges in the field. To address the challenge of promoting learn-
ers’ agency while providing them the right scaffolding we developed DojoIBL: a cloud-
based platform that helps to structure the IBL process and uses the role assignment 
strategy to promote collaboration and learners’ agency. 
Given the potential of roles to improve collaboration in inquiry-based learning pro-
cesses without hampering the learners’ agency, this manuscript presents a case study 
with students doing inquiry-based learning to improve listening and reading skills. The 
study looks at the suitability of DojoIBL to support this type of collaborative endeav-
our. The aim of this study is twofold: firstly, to validate the use of DojoIBL supporting 
role assignment for collaborative inquiry-based learning, secondly, to provide guide-
lines for a practical implementation of using DojoIBL. 
The paper is structured as follows: the first section introduces collaborative inquiry-
based learning and the need to foster individual accountability. Section two describes 
the DojoIBL platform together with the properties to support the claims from section 
one; collaborative inquiry-based learning and role assignment to foster learners’ ac-
countability. Next, the research design and the instruments to analyse the suitability of 
DojoIBL to support this collaborative endeavour are presented. Section four presents 
the results from two perspectives: first, the analysis of the collaboration during the 
inquiry project and second, the analysis of the role assignment. In the fifth section, 
first, the results are discussed and second, the lessons learned are compiled in a practi-
cal guideline that reinforce future implementation with DojoIBL. Last, the conclusions 
and the limitations of the study are described. 
8.2 Background 
Inquiry-based learning has been defined on the premise that learning is more than the 
process of memorizing information. It is a process of creating understanding, develop-
ing inquiry skills and constructing knowledge sparked by curiosity (Bell et al., 2010). 
The Social Constructivism theory from Vygotsky (1978) emphasized a similar vision of 
learning in which knowledge is constructed from curiosity but also from the interac-
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tions with peers. In his vision, Vygotsky defined the “Zone of proximal development” 
as an area between the actual development and the level of potential development that 
the learner can achieve working on collaboration with others. Several authors defined 
collaboration as the process of shared conception of a problem or task, in which two 
or more people construct knowledge through sustainable social interactions (Brown & 
Campione, 1994; Hutchins, 1991; Lave & Wenger, 1991; Rogoff, 1998; Vygotsky, 
1978; Webb & Palincsar, 1996). In inquiry-based learning, Scardamalia & Bereiter 
(1991) in their Knowledge building approach, defined collaborative inquiry-based 
learning as an unpredictable, holistic process of creative development of ideas within a 
community of learners. In any case, the effective implementation of collaborative pro-
cesses for learning has increasingly acknowledged its potential to facilitate knowledge 
co-construction (Van den Bossche, Gijselaers, Segers, & Kirschner, 2006).  
8.2.1 Community of Inquiry 
With the proliferation of computer-supported collaborative learning –by means of the 
rise of technology– frameworks like the Community of Inquiry (CoI) (Garrison, 
Anderson, & Archer, 2003; Pierce, 1955) aptly defined the collaborative endeavor for 
online inquiry communities. Peirce & Buchler (1955) coined the term ‘Community of 
Inquiry’ (CoI) to refer to a group of individuals (facilitators and students) transacting 
with the specific purposes of facilitating, constructing, validating understanding and 
developing capabilities leading to further learning. In other words, it refers to a contin-
uous exploration of a question, in which the community members engage in social, 
cognitive and metacognitive processes to generate shared understanding (Garrison, 
Anderson, & Archer, 1999; Pardales & Girod, 2006; Piaget, 1959; Pierce, 1955). Under 
the umbrella of the CoI framework, Garrison et al. (2003) defined four components 
that characterized any given educational transaction; social presence  (Rourke, 
Anderson, Garrison & Archer, 2007), cognitive presence (Garrison, Anderson, & 
Archer, 2001), teaching presence (Anderson et al., 2001) and metacognitive presence 
(Akyol & Garrison, 2011).  
However, without the right scaffolding and structure, none of these approaches 
will be successful by just putting the students together (Fischer & Mandl, 2001; Van 
den Bossche et al., 2006). Considerable body of research on computer supported col-
laboration provided empirical evidences of the effectiveness of scripting these process-
es (Dillenbourg & Tchounikine, 2007; Mulholland et al., 2012; Scanlon, Anastopoulou, 
Kerawalla, & Mulholland, 2011; Weinberger, Stegmann, & Fischer, 2010). Since col-
laboration has been proven to be effective in face to face settings (Cobb, 1994; King, 
1989; Webb, 1989; Webb & Palincsar, 1996) and supported with technology 
(Weinberger, Ertl, Fischer, & Mandl, 2005), many approaches have been designed to 
support and enhance these collaborative processes, focusing on socio-cognitive pro-
cesses, on the structure of the task and its sequence or in scaffold the group communi-
cations (King, 2007). Similarly, considerable research addressed this issue using script-
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ing in the context of inquiry-based learning (Dillenbourg, Järvelä, & Fischer, 2009; 
Kollar, Fischer, & Slotta, 2007; Mulholland et al., 2012). 
Yet, there is one major concern regarding the flexibility and the rigidity of these 
scripts as they might break the natural learners’ performance (Dillenbourg & 
Tchounikine, 2007). Moreover, learners’ agency, defined as the capability to act with 
initiative and effect over our own learning (Fay, 1996; Hunter & Cooke, 2007; Lantolf 
& Pavlenko, 2001), can be undermined as scripting includes extrinsic and intrinsic 
constraints inherent to the scripts nature (Dillenbourg & Tchounikine, 2007). This can 
also limit metacognitive processes, since less awareness of their cognitive processes is 
needed. Extensive research into metacognition indicated the success of students who 
have higher metacognitive ability and awareness (Stewart, Cooper, & Moulding, 2007). 
8.2.2 Learners’ agency and roles 
Inquiry-based learning, as it has been pointed out before, requires a diversity of partic-
ipatory strategies from students with a minimum guidance to ensure social interde-
pendence and the desired interactions among students (D. W. Johnson & Johnson, 
2009), knowledge building situations (Scardamalia & Bereiter, 2006) and the desired 
level of learners’ agency in learning. Dillenbourg suggested embedding roles within 
tasks to complement knowledge creation and support conflicting viewpoints 
(Dillenbourg, Baker, Blaye, & O’Malley, 1995).  
The special issue on roles (Strijbos & Weinberger, 2010), which characterized roles 
in online learning communities, defined roles as stated functions or responsibilities that 
guide individual behaviour. They can promote individual responsibility and group 
cohesion (Hare, 1994), increase group awareness (Mudrack & Farrell, 1995; Strijbos, 
Martens, Jochems, & Broers, 2004) and help to attain a shared goal. From the literature 
several perspectives regarding roles in CSCL, for instance, Strijbos & De Laat (2010) 
synthesized the role construct in terms of a micro, meso and macro level. The first 
type comprises roles as a task (micro-level), in which the students focus on specific 
activities related to the product or to the process. The second type covers the role as a 
pattern (meso-level), in which the students focus on multiple tasks related to the pro-
cess, product or a combination. The last type is called role as a stance, it is a role de-
fined by the student’s attitude towards the task. Another perspective of roles divided 
them into emerging and scripted types (Strijbos & Weinberger, 2010). The main differ-
ence here is that emerging roles are spontaneous and identified after the collaboration, 
and the scripted ones are deliberately designed and assigned in advanced.  
In a community of inquiry, experts have strategies that help them on how to per-
form in order to succeed, but novice leaners need to be supported on how the division 
of labour and the socio-cognitive instances must be enacted within the community. In 
this thesis the use of roles aims at improving collaboration for inquiry-based learning 
without undermining learners’ agency. The use of roles can leverage Scardamalia's 
(2002) collective responsibility, which referred to the fact that the responsibility for the 
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success of the group is not with the leader and it is distributed across all the partici-
pants in the group. In this sense, a shared responsibility might lead to a fruitful collab-
oration fuelled by aspects like knowledge asymmetry. This term, that supposedly leads 
to conflicting interactions between peers, referred to the fact that members of the 
group might have more or better information than others in a certain topic and vice 
versa. Moreover, the use of roles can help to foster learners’ agency. In the Social In-
terdependence Theory from Johnson & Johnson (2009), one of the main elements for 
cooperative learning was individual accountability. The term, that has been defined as 
the belief that everyone is responsible for his/her performance in learning (Laal & 
Laal, 2012), can be enhanced with the use of roles. 
Based on the idea of CoI and the importance of learners’ agency, in the following 
study we tried to understand the linkage between the potential impact of the role de-
sign and the responsibility of the individual learners by taking over roles in the CoI as 
also the quality of the collaborative process and its outcome. 
8.3 DojoIBL 
DojoIBL (Suárez et al., 2016)32 is an open source platform that supports students in 
collaborative inquiry-based learning processes. It relies in a cloud-based infrastructure 
that was developed during the weSPOT project (Mikroyannidis et al., 2013) following a 
design-based research approach where teachers, designers and researchers contributed 
to an incremental development process. 
 
 
Figure 37: Student’s view in DojoIBL with the chat placed at the right and the structure of the inquiry on the 
middle. 
DojoIBL works with the concepts of inquiry structure and inquiry runs. The inquiry 
structures hold the meta view of the inquiry process which is formed by inquiry activi-
                                                        
 
32 This publication is included as Chapter 7 in this thesis. 
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ties organized in inquiry phases. The inquiry runs are instantiations of inquiry struc-
tures being used by learners. In short, an inquiry structure can have several inquiry runs 
that would allow different groups of learners to work independently under the same 
inquiry structure. Given the basic functionality of DojoIBL to support inquiry related 
information, let us see how collaboration and learners’ agency are supported.  
From the definition of inquiry-based learning in the Community of Inquiry frame-
work, the learners engage in social interactions to construct shared knowledge. Thus, 
they need to be able to communicate either in real time or asynchronously with other 
members of the inquiry group. For real time communication, DojoIBL provides an 
independent instant messaging chat for every inquiry group. Through the chat, learners 
can construct meaning (related to the cognitive presence of the Community of Inquiry 
framework), position themselves in the community (social presence), receive feedback 
and scaffolding from the facilitator (teaching presence) and reflect and monitor their 
own learning processes (metacognitive presence). For the asynchronous communica-
tion, the learners can use the comments on the inquiry activities. Another aspect need-
ed to support collaboration and Community of Inquiry processes is group awareness. 
An inquiry process builds upon phases and activities that are related to each other. 
Thus, being awareness of the recent peer's contributions is key when supporting learn-
ers that can be in different locations. For that DojoIBL provides an independent time-
line per inquiry group to show the latest updates. The timeline works with the notifica-
tion framework, so every contribution is notified in the UI system of DojoIBL and 
also incorporated to the timeline. 
The introduction already presented that to support learners’ agency DojoIBL fea-
tures role assignment for the inquiry activities. The roles can be created and assigned to 
inquiry activities during the design of the inquiry structure. DojoIBL is not bound to a 
specific set of roles, so the teachers, and also the students as it will be shown in the 
procedure section, are free to design their own labels for the roles. DojoIBL does not 
provide a way to link a specific learner to a role in the system. The reason is to enable 
rotation of roles. In this way, a specific role at the beginning of an inquiry can be taken 
up by another learners towards the end. In short, this allows for a more flexible sup-
port of the inquiry process. Other aspects that contributes to the support of learners’ 
agency are the calendar and the deadline functionality on the inquiry activities. They 
help learners to prioritize inquiry activities that might lead to a more efficient distribu-
tion of their time. This, in any case, are properties of DojoIBL that allow more control 
for the learner over the inquiry process. 
8.4 Method 
The present study examines the suitability of DojoIBL to support collaborative in-
quiry-based learning processes and to foster learners’ agency. The study took place at 
the International School of Eindhoven (ISE). The school, that provides education to 
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kids from 3 to 18 years old, is divided into primary and secondary school. The second-
ary department runs the International Baccalaureate (IB) through the Middle Years 
Programme (MYP) and the Diploma Programme (DP). This study took place in the 
MYP. The innovative ISE culture motivated the school to collaborate with the au-
thors, facilitating and enabling this study. 
8.4.1 Participants 
The participants were 10 students from the Language Acquisition course embedded in 
the MYP (14-15 years old). They were divided in two groups of five students each. 
Both groups were given the same conditions to carry out an investigation about: 
“comprehending spoken and visual text” (group 1) and “comprehending written and 
visual text” (group 2). During the inquiry project just a few students used their own 
laptops and the rest borrowed them from the school. Before the inquiry project start-
ed, the students were informed about their participation in a research experiment and 
their parents signed the informed consent.  
8.4.2 Procedure 
The teachers collaborated voluntarily with the researchers to design the context of the 
inquiry. The project, which lasted for 5 weeks –15 lessons of 60 minutes each– (No-
vember ’16 - January ‘17), was carried out in parallel to the regular lessons from the 
MYP curriculum. 
8.4.2.1 Preparation phase 
In several sessions both authors and the teacher agreed on using an inquiry structure 
based on the Bloom’s taxonomy (Bloom, Krathwohl, & Masia, 1984) (see Table 22). 
Since DojoIBL gives the option to create a customized inquiry structure, the teacher 
decided to use the level of human cognition as the underlying structure for their in-
quiry. Every inquiry phase began with an introductory activity that explained the pur-
pose and goals of that particular phase. 
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Table 22: Distribution of activities of the inquiry process. 
Knowledge Comprehension Application Analysis Synthesis Evaluation 
17th & 22nd Nov. 23rd November 24th November 6th December 7th & 8th Dec. 13th & 14th Dec. 
Inquiry activities 
1. Introduction 1. Introduction 1. Introduction 1. Introduction 1. Introduction 1. Introduction 
2. Distribute roles 2. A parable  2. Question 
strand 1 
2. Discuss the 
medium 
2. Integration of 
content 
2. Upload 
presentation 
3. Prior knowledge 3. How to improve 
listening 
3. Plot diagram 3. Plan the 
medium 
3. Conventions 3. Give feedback to 
the other group 
4. You are the 
teacher 
4. How to improve 
reading 
4. VR in the 
trenches 
4. Design the 
presentation 
 4. Final reflection  
5. Questions for the 
other groups 
5. Practice 5. Formative 
assessment 
5. Task 
organization 
  
 6. Reflection  6. Task sheet   
8.4.2.2 Runtime inquiry project 
The learners began the inquiry project receiving a briefing both about the basic usage 
of DojoIBL and about the experiment in general. Right after, students were split in 
groups by the teacher. The first task for the groups was to define and to assign the 
roles of the group members. In this case, the authors/researchers opted for a variant 
of the scripted roles from Strijbos and Weinberger (2010). Instead of having the teach-
er designing the roles, every student came up with his/her own role based on how they 
wanted to participate in the project. Table 23 shows the roles chosen by the students. 
According to the literature about roles the students mainly defined “roles as a task” 
and “roles as a pattern” (Strijbos & De Laat, 2010). The main difference between these 
two types of roles lies in the fact that while “role as a task” focuses on a specific task 
e.g. designer, researcher, data collector or writer, the “role as a pattern” is more ab-
stract because it aims at the process e.g. checking the work, organizer and cheering up. 
Table 23: Roles selected by the students before the inquiry activity. 
Group 1 Group 2 
1. Designer 1. Keep all the work 
2. Organizer 2. Cheering up 
3. Check the work 3. Writing 
4. Researcher 4. Checks if everything is fine 
5. - 5. Researcher 
 
Once the roles were distributed, the students began with the ‘knowledge’ phase. The 
learners needed to show a basic understanding of why reading and listening are im-
portant in the language acquisition process. As part of the activities within this first 
phase, the students created a Venn Diagram, in which they illustrated their prior expe-
riences of the skills and their goals by the end of the project. 
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In the ‘comprehension’ phase, they got acquainted with the concepts of reading 
and listening comprehension. They reflected about their own reading and listening 
processes and they were asked to look for strategies to improve listening and reading 
comprehension. As an activity to improve their listening comprehension, students 
participated in an interactive session with the researcher, in which they were told the 
parable about the six blind men and the elephant33. This parable tells a story that builds 
up from six blind men touching the same thing/object. By describing what everyone 
sees, students realized how difficult is to collaborate and how complex is to compre-
hend other’s reality and points of view when you do not have the exact same infor-
mation. 
The next phase, ‘application’, served to apply what the students learned in previous 
phases in the context of World War 1. In different activities such as: reading the War 
Horse novel, watching some parts of the movie or playing with a Virtual Reality game 
called VR in the trenches, students learned more about extracting main ideas, details and 
draw conclusions. 
In the next phase, ‘analysis’ an extraordinary event took place during a couple of 
sessions. Two roles from group 1, ‘checks the work’ and ‘designer’, had a dispute 
about the content of presentation. While ‘checks the work’ argued in favour of using a 
short video with subtitles to show the benefits for listening comprehension, ‘designer’ 
argued against saying that even though the idea was good it would turn the thing into 
reading comprehension, which was the other’s group topic. The apparent disagreement 
that lasted for two days, will have its implications on the results section and on the 
practical guidelines. 
In the next ‘synthesis’, students designed the presentation and discussed the con-
tent for the presentations. In the final phase, ‘evaluation’, students pitched their work 
to the other group under the supervision of the teacher. Each group had to present 
one of the skills, and provided hints on how to get better as well as a small test to 
prove whether the explained concepts were clear enough.  
8.4.2.3 Wrapping up 
After the inquiry project, the researchers and the teacher interviewed the students 
individually to get more insights about their experiences. Additionally, a couple of 
sessions extra were organized to inform the teacher and the students about the results. 
Turned out to be a productive session, from which some of the practical guidelines 
portrait at the end of this manuscript were extracted. 
8.4.3 Methods and data collection 
Qualitative methods are used when there is a lack of cases for replication (Zainal, 
2007) and the number of participants is low. Thus, for this case study qualitative 
                                                        
 
33 https://en.wikipedia.org/wiki/Blind_men_and_an_elephant accessed on the 27th of January of 2017 
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methodology comprised the primary source of evidences. The data has been derived 
from individual structured interviews, from the logs of DojoIBL and from the dis-
course analysis of the video recordings. Video recordings were captured with a Go-
Pro® camera, which produced around 20 hours of video. The structured interview, 
which was issued in DojoIBL as a final activity for reflection, consisted of 8 questions 
related to the role uptake within the group work. The analysis of these sources focused 
on collaboration and learners’ agency. A coding scheme based on the Community of 
Inquiry framework (Garrison, Anderson, & Archer, 2000) has been used for the analy-
sis (see Appendix D). It comprises four essential components to any educational trans-
action: cognitive presence, social presence, teaching presence and metacognitive presence. 
Each component provides two to three categories that include 37 indicators. 
8.5 Results 
One of the core principles of the Community of Inquiry (CoI) framework is that 
teachers and students embrace teaching and learning from different roles and respon-
sibilities (Garrison, 2011). This study, which builds upon this principle, aims at getting 
an understanding of how roles supported by DojoIBL affect a collaborative classroom 
scenario. To obtain a comprehensive process-oriented perspective of this study, a 
discourse analysis has been carried out in three units of analysis: the conversations 
during the project, the discussions on the DojoIBL chat and the activities’ comments 
in DojoIBL. The analysis, which focused on two aspects, first addressed the collabora-
tive component and second the role uptake. The results, together with the outcomes of 
the discussion, will be added to a list of practical guidelines that can be used to maxim-
ize the efficiency of DojoIBL supporting collaborative inquiry-based learning. 
8.5.1 Collaboration 
To understand the implications of using roles supported by DojoIBL in a collaborative 
inquiry-based learning, more insights about the context and the participants’ perfor-
mance were needed. This information was drawn both from 20 hours of video and 
audio recordings, which captured students and facilitators interactions in the class-
room, and from the students’ contributions in DojoIBL. The numbers in table 24 
represent the turns taken by each student/role in the different sessions of the inquiry 
project. On the 24th of November 2016 and 6th of December 2016 the students had a 
formative and summative assessments during parts of the sessions.  
The sessions were always structured as follows; (1) initial introduction, in which the 
teacher introduces new concepts, present activities, etc. (2) group work, in which stu-
dents work together to continue with the project and (3) final wrap up, in which the 
teacher ends the classroom with reminders and homework for the students. In order to 
focus only in the collaborative part, in table 24 only the group work and the verbal 
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communication is represented. Interestingly, towards the end of the inquiry project an 
increase in the number of interactions can be observed. Around 80% of the turns 
taken took place in the last two weeks of the inquiry. 
Table 24: Students’ turns taken during the inquiry project. 
Case 
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Total 
Teacher 4 11 6 0 8 25 28 20 102 
Designer 5 7 8 4 13 40 38 30 145 
Organizer 2 0 1 0 8 1 4 3 19 
- 0 5 7 0 11 0 1 0 24 
Checks the work 15 0 0 0 26 41 15 30 127 
Research 2 5 8 0 14 16 33 23 101 
Keeps all the work 1 3 1 0 0* 2 10 27 44 
Cheering up 1 0 1 0 0* 0 8 25 35 
Writing 1 0 2 0 0* 0 4 21 28 
Checks if everything is fine 1 0 5 0 0* 1 4 8 19 
Research 0 0 1 0 0* 0 1 0 2 
* Technical problem with the recordings 
 
In order to deepen in the analysis of the collaborative aspect, a discourse analysis was 
carried out for the three units of analysis; the classroom discourse, the DojoIBL chat 
logs and DojoIBL contributions. The analysis was done using the CoI framework 
coding scheme (see Appendix D). It consisted of four main components; cognitive, 
social, teaching and metacognitive presence, which in turn had several categories un-
derneath. The following excerpts are examples of how one student or teacher interac-
tion can be coded under different categories. In the first example, the teacher interac-
tion has been coded as Encouraging, … reinforcing student contribution, from teaching 
presence, and Procedural planning, from metacognitive presence. 
Teacher: This is beautiful. I love the way you work. Now, you have 15 
minutes left. Keep it up! Whatever time you waste now you will have to 
catch up in the weekend. 
The second example has been coded as Judgement and Triggering Event from the 
cognitive presence category. In this case, the student besides judging the actual design 
opens the floor for discussing about it. 
Student: Please go to the introduction in the slides. Shall we keep that pic-
ture there or shall we take it off? I don’t like that picture. 
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The third example has been coded under Request information (applying strategies) and 
Asking questions, from metacognitive and social presence, respectively. Firstly, the 
student is asking a question in order to get some support and then requests infor-
mation from another student. 
Student: Can you do strand 2, student E? Which one are you doing student 
F? 
Last example covers the summary of a discussion (from teaching presence) in which 
both students agreed on who will take the lead of the design of the presentation ex-
pressing agreement from (social presence) 
Student: I have talked to him (pointing to Student B). We talked about it, 
because Student B is good at designing. And he will do the design. 
Given the examples above and applying the same procedure to all the participants’ 
interactions, table 25 showed that first, the cognitive presence had an important role 
achieving the highest numbers in two (classroom discourse and contributions in Do-
joIBL) of the three units of analysis. The contributions for cognitive presence in Do-
joIBL are higher than the chat contributions. This aligns with the literature since 
commenting in DojoIBL has been preferable to chat messaging when the goal was to 
achieve high-order cognitive learning (Garrison et al., 2001). Second, the teaching 
presence in the classroom discourse was similar for the students and the teacher. This 
reveals an important role of the students in the teaching presence during the inquiry 
project while sustaining the social and the cognitive presence and the community of 
inquiry. Third, the social presence, through its interactive response category, suggests 
that express a willingness to maintain and keep up the interpersonal interactions 
(Rourke, Anderson, Garrison & Archer, 2007) is essential to any learning community. 
Last, the bottom section shows that students, during the classroom, reflected in action 
(regulation of cognition) about their metacognitive processes while the comments in 
DojoIBL have been mainly used to reflect on action (monitoring of cognition). In both 
cases a higher number was expected. 
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Table 25: Students’ turns per CoI presences in the different channel and context of the inquiry project. 
Process Classroom discourse  DojoIBL Chat discourse  DojoIBL contributions 
Student Teacher Student Teacher Student Teacher 
Social presence 233 45 43 7 27 3 
Affective response 19 0 8 0 3 0 
Cohesive response 32 2 12 7 7 0 
Interactive response 182 43 23 0 17 3 
Cognitive presence 260 20 28 3 178 0 
Exploration 141 7 24 3 86 0 
Analysis 53 8 1 0 40 0 
Integration 66 5 3 0 52 0 
Teaching presence 83 81 7 11 2 6 
Direct instruction 59 52 6 6 0 3 
Facilitating discourse 24 29 1 5 2 3 
Metacognitive presence  120 40 14 0 24 0 
Knowledge of cognition 7 0 0 0 0 0 
Monitoring of cognition 23 19 3 0 24 0 
Regulation of cognition 90 21 11 0 0 0 
8.5.2 Roles 
To deepen on the understanding of how roles worked during the inquiry project, this 
section presents an analysis of how the different roles were carried out taking into 
account the four dimensions of the CoI framework (social, teaching, cognitive and 
metacognitive). Graph 4 shows to what extent each role contributed to the different 
CoI dimensions. It can be seen that there is a pattern that repeats for most of the roles. 
Besides the ‘organizer’ and ‘cheering up’ roles, the cognitive dimension is followed by 
the social, metacognitive and the teaching dimension.  
Additionally, it can also be seen that the two roles, ‘checks the work’ and ‘designer’, 
involved in the dispute on the ‘analysis’ phase, achieved the highest values compared 
to the rest of roles. This finding deserves a thorough look. First, the dispute began 
from a conflict of interest between two roles that can be seen in the following ex-
cerpts:  
- Designer: I am making the presentation and he is the one checking the presenta-
tion… 
- Checks the work: Then what do I check now? 
 
Both roles were entitled to have a word in the issue, and they defended their right to 
do so mentioning their responsibilities. This means that roles created interdependency 
among learners as their roles overlapped in one of the responsibilities. This overlap 
and the interdependency generated a high number of interactions (in all the dimen-
sions, see graph 1). However, such overlap between roles has not been seen in other 
situations during the inquiry project. Opposite to what the intention of roles is, they 
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did not influence the behavior of the learner (in greater or lesser degree), because they 
were performing similarly based on the CoI dimensions. This finding contrasts with 
the reflections made by the learners in DojoIBL (see Appendix C) in which 7 out of 8 
students mentioned that roles work as prospected.  
 
 
Graph 4: Role's contributions to the different CoI dimensions. 
8.5.3 User experience 
Based on the observation and the final reflections made by the students during the 
inquiry project, the overall perception was positive. Table 26 collects all the comments, 
both the positive ones and the improvements suggested by the users.  
Table 26: Positive feedback and improvements for DojoIBL extracted from the final reflexions. 
Positive Improvements 
Useful to organize the work A mobile app to receive notifications when 
someone comments of adds something new 
Great possibility to become something important Better clear division of the part of the unit 
The steps needed to finish the inquiry process are clear. Missing calendar functionality (solved it already) 
Useful tool to see the whole project and to know what one 
would do on each lesson. 
Personalized profiles and profile picture  
If we wouldn’t be obliged to use the ManageBag, more 
people in the school will be willing to use DojoIBL 
Personalized picture for the chat 
I would recommend it to students that have problems with 
collaboration.  
 
Useful to see the upcoming work  
Useful and fun to use the instant messaging tool (even at 
home) for school projects 
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8.6 Discussion 
The results of the final reflections and observations showed an overall positive percep-
tion about using DojoIBL for collaborative inquiry-based learning. Students found 
DojoIBL a useful platform to keep the work organized, to have good overview of the 
inquiry project and to see the upcoming work. They also pointed out some improve-
ments that could increase its adoption by students. First, they vehemently asked for a 
mobile app to receive on their phones the latest comments and messages, so eventually 
a mobile app is being developed. Second, during the inquiry project the need for set-
ting deadlines in activities motivated the implementation of a calendar. By the end of 
the project the calendar was already included in the production version of DojoIBL. 
Another improvement was related to the personalization of profiles and profile pic-
tures, but since this is not essential to carry out an inquiry project will not be addressed 
any time soon. The teacher found it especially interesting how theory and practice can 
be seamlessly combined to support the inquiry process. She pointed out the simplicity 
of DojoIBL to work with a pedagogical model like Bloom’s taxonomy as the underly-
ing structure of an inquiry project. The teacher also expressed some satisfaction about 
the level autonomy of achieved by the students during the inquiry process. Although in 
early phases of the inquiry she showed some concerns about giving them too much 
freedom, towards the end she admitted to be impressed by the self-organization skills 
of the students.  
Regarding the use of roles, data seems to contrast with the students’ final reflec-
tions. While they claimed that roles worked as prospected, the number of interactions 
between different roles as well as the number of overlaps between them were minimal. 
In the next sections, possible interpretations and solution to overcome this situation 
will be explained. 
Besides the generally positive impressions of the participants, there were also some 
limitations. The biggest limitation was the small sample size, which prevented any 
generalization of the results. Another limitation is the range age of the students and the 
multicultural background, which could influence their perception on the adoption of 
the tool. Moreover, the final reflection about DojoIBL can also be affected by the 
novelty effect. 
All in all, the work with the teachers and students allows us to identify the follow-
ing practical guidelines that can maximize the potential of DojoIBL supporting collab-
orative inquiry-based learning and learners’ agency.  
Negotiations of roles starting from fixed responsibilities 
The essence of using roles for collaboration is to increase individual responsibility and 
group cohesion (Hare, 1994), as well as to change learners’ behavior towards an educa-
tional goal or for an educational purpose. However, although learners liked the role 
assignment, data showed that roles did not influence their behavior because, in greater 
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or lesser degree, they were performing similarly in terms of CoI dimensions. One of 
the reason can be the lack of clarity and understanding about the self-defined roles. 
Although they defined their own roles, only in few cases there was a complete under-
standing of what the roles entailed. 
To assure that learners clearly understand their responsibilities, the current guide-
line proposes a negotiated definition of roles between the students and the teacher. 
First, the teacher needs to define a set of roles together with their responsibilities. This 
guideline proposes the following four roles “as stance” (Strijbos & De Laat, 2010) that 
take care of parts of the process but also about the “final product”: 
• Secretary: this role reports every advancement or contingency in the minutes. It 
maintains a logbook with milestones and decisions taken by the group. It is in 
charge of facilitating the work for the group members. 
• Coordinator: this role is the spokesman of the group. He / She is in charge of 
communications with the teacher and it steers group cohesion to attain the shared 
goals. It is charge of assigning tasks to other group members. 
• Moderator: this role keeps the balance of the group. He / She mediates in every 
discussion or argument being the authorized entity within the group to resolve a 
conflict. He / She brings the different members of the group together. 
• Investigator: this role is in charge of field work. He / She is in charge of distributing 
field work to make sure everyone is working on practical tasks related to the inquiry. 
 
Second, without mentioning these roles to the students, the students need to define 
their own roles and descriptions. This is an important step to steer learners’ agency, 
because they are taking explicit control over what is going to be their role in the inquiry 
process. Third, the teacher and the students share the roles in order to come up with 
final roles that comprise both the ideas from the students and the ideas from the 
teacher. This is a very delicate part of the process, because every students’ role should 
match with at least one of the teacher’s role. The purpose of these negotiations is to 
define roles in which students feel identified but they also take teacher’s responsibili-
ties. Last, as for any negotiation, the students and the teacher must agree on the ac-
ceptance of the terms, the responsibilities of the contract, the role.  
The expected impact of this guideline is a higher commitment on their responsibili-
ties, which will lead to higher social interdependence (Johnson & Johnson, 2009). To 
turn it into positive interdependence, the performance of the moderator and the coor-
dinator are crucial because they are responsible for making sure that the collaboration 
reaches the final goal.  
DojoIBL supports this guideline allowing customized definitions of roles in the in-
quiries. Thus, the final name of the roles agreed in the negotiations can be used to save 
into DojoIBL and used during the inquiry. Since DojoIBL does not bind roles to stu-
dents, it allows role rotation among students after a period of time. 
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Agile strategy for the inquiry process management 
During the inquiry process there were several situations in which energy and time were 
wasted without an outcome. The first example is the argument on the 6th of Decem-
ber, in which the ‘designer’ and the student who ‘checks the work’, backed by their 
roles, clashed about the design of the presentation. In this case the tension lasted for 
two days in which the performance of the individuals and the group was affected. The 
second example is partially based on a limitation of the study because it is related to 
the tight schedule of the students. The inquiry project was carried out in between their 
normal curriculum, which means that students often needed to switch from other 
subjects with the consequent overload. Given the context it is normal that it takes 
some time to jump back to where they left it several days ago. 
In order to address these issues, this guideline suggests a methodical agile strategy –
supported with DojoIBL– that proposes regular meetings, like in the SCRUM meth-
odology. This proposal is not a pure SCRUM methodology but it uses the basis. First, 
two daily meetings of 5 minutes each at the beginning and at the end to plan the ses-
sion and take notes of the outcomes. To steer and making it as much methodical as 
possible, the guideline suggests the following points:  
• Initial daily meeting that must be added to the logbook/minutes by the secretary: 
o What has been done the previous session? 
o What is the plan for today? 
o Does everyone know what to do? 
o Are there any issues blocking our performance? 
• Last daily meeting that must be added to the logbook/minutes by the secretary: 
o Everything planned was achieved? 
o Were there any problems? 
o What is the plan for the next session? 
The secretary, who should have a special inquiry phase in DojoIBL to keep track of 
the minutes, must take concise notes that help in the next session to speed up the start. 
With regards to the inefficient use of time, this approach of fixed regular meetings 
should help to check the current progress and solve any contingency. More about 
contingencies will be explained next. 
Contingency plan for real collaborative situations 
From the definition of collaborative inquiry-based learning introduced earlier in this 
manuscript, one cannot grasp the challenges of putting it in practice. The concept of 
positive interdependence is defined as a group of people that shared a goal working 
together and the success depends on all of them. But this has some limitations regard-
ing non-cooperative members, endless negotiations without concrete outcomes and 
eventually all of them lead to a waste of energy and time. Thus, this guideline proposes 
procedures for typical situations that hinder the collaboration: 
• A role is not performing as expected: 
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o The sooner the group takes action the sooner the problem is solved. The first 
measure is to emphasize with the group member, and it can be done via the co-
ordinator role. There should be an outcome of that approach. Either a concrete 
day of action or resolution of the conflict. Secretary reports in the logbook of 
DojoIBL, there should be a written proof of the warnings. 
o If there is no change, repeat the process up to three times with the pertinent en-
tries in the logbook. 
o Finally, escalate the problem to the teacher in order to avoid the impact on the 
whole group. 
• Issues with time management, usually created by conflicts of interest and the 
asymmetry of knowledge: 
o The first measure is to ask the group members to vote or to explain their point 
of view. 
o Note down in the logbook the event and leave it for a while. 
o Coordinator makes a final decision. 
o If the issue continues or an individual is not fully convinced to the point that 
hinders collaboration, the moderator should act. 
o Finally, if the situation remains the same in the final meeting, there is a need to 
escalate the problem to the teacher. 
 
The main idea of this contingency plan is to use the group power in a methodic way in 
order to solve the internal conflicts.  
Exercising metacognitive processes 
The results of the discourse analysis showed that the metacognitive experiences were 
less prominent than cognitive and social presence during the inquiry process. Moreo-
ver, the fact that the 82% of the interactions took place in the last two weeks of the 
inquiry, accentuated the low level of regulation of cognition, which is a dimension of 
the metacognitive construct. This means a lack of metacognitive strategies to self-
control cognitive activities (Brown, 1987) and also a less group potential in understand-
ing the factors that intervene in a collaborative process (Edmondson, 1999; Van den 
Bossche et al., 2006). To overcome this situation, the current guideline suggests a bet-
ter use of DojoIBL distributing metacognitive activities for reflection across the in-
quiry structure. Known in the literature as metacognitive prompting, this guideline has 
been defined by Hoffman & Spatariu (2008) as “…an externally generated stimulus 
that activates reflective cognition or evokes strategy use with the objective of learning” 
(p. 878), and it has been proven to be a successful strategy to improve knowledge ac-
quisition and decision-making performance (Fiorella, Vogel-Walcutt, & Fiore, 2012) 
and inquiry practices, especially learners’ planning and analytical abilities (Zhang, Hsu, 
Wang, & Ho, 2015). Strategies like KWL, which stands for What I think I know, What 
I want to know and What I learned, can be used as an external stimulus to activate 
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reflection. In line with the agile strategy guideline, this type of thinking strategies can 
be used at the end of each inquiry phase to exercise learners’ metacognition. 
Finally, research suggests that domain-generic skills like e.g. metacognition or plan-
ning cannot be taught in isolation to the domain-specific knowledge (Tricot & Sweller, 
2014). When putting these practical guidelines into practice, they need to be under-
stood as means to assist learners to acquire domain-specific knowledge like e.g. reading 
and listening comprehension in the context of War World I. Thus, these guidelines 
should be seen as an assistance for learning and never as the main objective of learn-
ing. Having in mind this concern, as it has been demonstrated, DojoIBL complements 
the assistance being a suitable companion tool. 
8.7 Conclusions and future work 
In this study the use of roles in inquiry-based learning supported with DojoIBL gener-
ated positive impressions among the teacher and the students. However, this positive 
feedback from learners is not backed up with the results. Therefore, this study has 
generated some practical guidelines that help to improve the potential of roles in in-
quiry-based collaborative scenarios supported by DojoIBL without vanishing learners’ 
agency. Future work should study the effects of the proposed practical guidelines on 
implementing new inquiry settings together with the use of roles.  
To sum up, in this study we showed how the collaborative inquiry-based learning 
process through role assignment can be enhanced with a flexible platform such as 
DojoIBL. Moreover, the work done established a baseline for future research about 
roles and the use of DojoIBL for inquiry-based learning. 
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This dissertation took a close look at how to improve the support for inquiry-based 
learning in a way that facilitates collaboration, the agency of the learner and the sup-
port of the teacher. The Triskelion from the cover of the thesis symbolized –through 
its legs– how the three sections and elements converged together. Section I elaborated 
on how learners’ agency has been fostered through mobile technology in inquiry-based 
learning. Section II focused on the support of inquiry-based learning, particularly 
designing and implementing applications and infrastructures that flexibly assist learners 
in the process. Finally, section III focused on the evaluation of these applications 
taking into account the theoretical foundations of section I. 
Main findings and conclusions 
Section I of this dissertation presented a literature review that sheds light on how 
learners’ agency is supported in mobile inquiry-based learning processes. Given that 
the introduction of mobile technology for inquiry-based learning enabled new forms of 
instructional designs (Zydney & Warner, 2016), chapter 1 began with a list of the most 
common instructional designs found in literature. The list was built upon existing 
seamless learning frameworks (De Jong et al., 2008; Koole, 2009; Kukulska-Hulme, 
2009; Park, 2011; Sharples et al., 2010) and it was formed by twelve types of instruc-
tional designs, divided in five main categories. Once the list was ready, we came up 
with an analytical framework to assess learners’ agency in order to understand how 
learners’ agency was affected by these instructional designs. The analytical framework 
consisted of six dimensions that were based on existing definitions of learners’ agency 
(Fay, 1996; Holec, 1979; Holec, 1981; Little, 2007) and self-regulated learning 
(Bandura, 1989; Zimmerman, 1990). The results showed to what extent the instruc-
tional designs supported learners’ agency in line with the six agency dimensions. These 
findings can help to increase awareness and understanding of how learners in inquiry-
based learning can use mobile technology to exercise their agency. 
These notions of learners’ agency on inquiry-based learning were used to develop a 
series of prototypes and applications for assisting learners on inquiry-based learning 
processes as described in section II. The first prototype presented in chapter 2 was the 
GPIM, a Google Glass® based application to better assist learners on carrying out data 
collection processes. Taking advantage of the Google Glass® properties, the GPIM 
was provided with a voice command interface. Through the Head-Up display (HUDs) 
located in the glasses the learners received instructions in form of questions that guid-
ed them through the data collection process. One of the fundamental advantages of 
the GPIM over phone-based data collection applications was the hands-free operation. 
The GPIM enabled learners to take part in inquiry activities, without having technolo-
gy obstructing the experience. Additionally, by using the GPIM, the learners were in 
control of the part of their learning. GPIM assisted them to record better wonder 
moments, so in a sense GPIM did not vanish the support of learners’ agency. Howev-
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er, even though Google Glass® -and by extension the GPIM- was a prototype that 
sparked some attention, it raised usability concerns that limited its use to specific IBL 
tasks. Google Glass® builds on a metaphor of cards aggregated on a timeline, that 
maps past actions as cards on this timeline. More complex processes, like the IBL 
process with its many phases and activities can in theory be mapped on various cards 
for Google Glass®. With a resolution of only 630x360 pixels it is hard to render an 
overview for the inquiry, so users had to navigate through cards representing phases 
into cards representing activities. This was very cumbersome and resulted into users 
easily getting lost in the glass application. We therefor concluded that the GPIM is 
suited to execute standalone activities like “collect data” or “formulate a hypothesis”. 
However, the processing and analysis of these activities is better done elsewhere. 
With that in mind, chapter 3 unrolled DojoIBL, a new cloud-based platform to 
structure collaborative inquiry-based processes. Besides providing a clear and holistic 
interface, the design of DojoIBL sought to foster learners’ agency and to support the 
collaborative aspect of inquiry-based learning. On the one hand, the usage of role as-
signment, the calendar feature and the holistic overview of the inquiry process were 
implemented to foster learners’ agency. These features helped learners to define their 
goals, to improve self-regulation and to increase awareness about their responsibilities 
on the inquiry process. These properties in DojoIBL looked at the metacognitive as-
pect of learning. On the other hand, the timeline, and the combination of instant mes-
saging and notifications were implemented to foster the community of inquiry. The 
timeline is a common ground for teachers and learners to have a high-level overview of 
the group progress, helping to increase social activity awareness. The combination of 
notifications with instant messaging also helped to support group awareness as well as 
to leverage the social and the teaching presence. This chapter contributed a cloud-
based platform that focused on learners’ agency on collaborative inquiry-based pro-
cesses. However, to evaluate if learners became more autonomous in collaborative 
processes, more data was required about learners’ trajectories in DojoIBL. 
This was a shortcoming in the DojoIBL infrastructure that was addressed in chap-
ter 4. This chapter presented a new iteration of the DojoIBL framework and intro-
duced DojoAnalytics, a new component to connect with external Learning Analytics 
dashboards. The main goal of DojoAnalytics was to efficiently channel the communi-
cations between the DojoIBL and the external LA dashboards. So, one of the intrinsic 
requirements for DojoAnalytics was to achieve standard-based interoperability. To 
achieve interoperability, DojoAnalytics implemented the xAPI specification and fol-
lowed the recipes from Berg, Scheffel, Drachsler, & Specht, (2016) for a joint vocabu-
lary for xAPI. Presenting two use case implementations that connected to two LA 
dashboards, interoperability was indeed achieved. 
As a result of extending the functionality of DojoIBL with DojoAnalytics, two of 
the main features of Bandura's (2001) human agency were supported: self-reactiveness 
and self-reflectiveness. Through the use of a learning analytics dashboard, learners 
could monitor and self-regulate their progress based on their actual performance. Ad-
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ditionally, they could evaluate their own performance and reflect whether they were 
stalling or progressing on the inquiry. Thus, this chapter contributed an improvement 
of DojoIBL focused on providing better support for autonomous and collaborative 
learning. 
Section II ended with an integrated view of the underlying architecture that held all 
the prototypes, platforms and applications developed during this dissertation project. 
Thus, chapter 5 presented an IBL architecture that was built upon small, reusable 
components. It was developed under the umbrella of the European project weSPOT 
(Specht, Bedek, Duval, & Held, 2012) and evolved during this dissertation to cope 
with implementations like e.g. GPIM or DojoIBL. The architecture was designed to be 
scalable, extensible and cloud-based to avoid server maintenance tasks, and it was 
formed by six components, including DojoAnalytics that was presented in chapter 4: 
1) IBL engine, 2) authentication, 3) data collection, 4) communication, 5) notifications 
and 6) DojoAnalytics. The contribution of chapter 5 was twofold: first, it provided the 
underlying infrastructure mentioned in the main research question. Second, it contrib-
uted an open source IBL architecture with the technical specification and documenta-
tion that can be used by researchers to create new inquiry-based learning or generic 
educational platforms. 
In section III, the evaluations of the implementations from section II were report-
ed. The section began with chapter 6 that presented the first empirical study of this 
dissertation. It was carried out in the context of the European project weSPOT and 
focused on the impact of using different types of inquiry structures for inquiry-based 
learning on perceived motivation, engagement, knowledge gain and cognitive load. In 
this quasi experimental study, 164 students (ages 13-15) using different variations of an 
inquiry structure were compared. The students were distributed in three different 
groups; the first one only had one inquiry phase, the second group had six phases 
(from the weSPOT pedagogical model) and the third one had six phases and was sup-
ported with the mobile app, i.e. the Personal Inquiry Manager. Besides the type of 
inquiry structure, we also looked at the educational cohorts and gender to control any 
possible differences. The educational cohorts were twofold: HAVO, that is a five-years 
pre-trajectory to go to the university of applied sciences, and the VWO, that is a six-
years pre-trajectory to go to university With this in mind, it was analysed (1) what the 
level of engagement of the students with the weSPOT structure was, (2) what the ef-
fect of structuring the inquiry was upon the students’ learning compared to students 
learning in a less detailed structure inquiry and (3) what the level of motivation of stu-
dents working with the weSPOT platform was and how the motivation differed be-
tween the conditions. The reported results of the quantitative analysis revealed how the 
dependent variables –knowledge gain, cognitive load, motivation and engagement– 
were affected by the independent variables: experimental conditions –different inquiry 
structures–, educational cohorts and gender. The results revealed that the experimental 
conditions did not have a significant effect on the dependent variables. However, the 
educations cohorts influenced them in the following way: 1) for the VWO cohort the 
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knowledge gain significantly increased over time, 2) for cognitive load the differences 
between cohorts were significant and 3) splitting the motivation aspect into cohorts, 
the findings were twofold; on the one hand, although motivation did not significantly 
change over time, the third condition experienced an increase over time. On the other 
hand, for the VWO, motivation significantly increased over time for all the conditions. 
All in all, these findings suggested that whereas the inquiry structures do not influence 
the outcomes, the different educational levels had an influence on the motivation as-
pect of learners. 
Section III continued with the first evaluation of DojoIBL in this dissertation. 
Thus, chapter 7 presented a formative study about the usability and user experience of 
DojoIBL. The purpose was to examine the users’ acceptance of DojoIBL, more specif-
ically assessing the usability and measure the users’ perceived experience. For that, the 
formative study combined two quantitative and one qualitative method. On the one 
hand, the quantitative analysis consisted of a System Usability Scale (SUS) question-
naire (Sauro, 2011) formed by 10 items and a User Experience Questionnaire (UEQ) 
(Laugwitz et al., 2008) based on 26 items organized in 6 dimensions: attractiveness, 
perspicuity, efficiency, dependability, stimulation and novelty. On the other hand, the 
qualitative method consisted of a semi-structured interview with the students. 
The presented results showed a high degree of users’ acceptance about the experi-
ence and usability of DojoIBL. For the UEQ, which benchmarks the results obtained 
with 163 studies, DojoIBL scored in the 10% best results in all the dimensions besides 
dependability. This dimension measures users’ perceived control of the interaction and 
scored above the average results in the benchmark. This outcome was confirmed in 
the semi-structured interviews, in which participants pointed out problems to under-
stand the navigability of DojoIBL. Nonetheless, besides the constructive outcomes, 
the participants described DojoIBL as an intuitive platform to support social and 
teaching presence (Anderson et al., 2001; Rourke, Anderson, Garrison & Archer, 2007)  
as well as to raise awareness about the whole inquiry process. 
Overall, the discussions after the semi-structured interviews facilitated the identifi-
cation of issues hampering the usability and the user experience of DojoIBL. Follow-
ing up the effort to reach the maturity level required to use DojoIBL in a real interven-
tion, this work led to another iteration of DojoIBL. These substantial changes on its 
interface –new inquiry overview– and functionality –calendar and optimizations– were 
explained in chapter 3 of this dissertation. 
The second evaluation of DojoIBL was presented in chapter 8. This time, the 
evaluation reported a case study in a real classroom scenario that looked at: 1) finding 
the optimal conditions to maximize the potential of DojoIBL supporting inquiry-based 
learning and 2) identifying practical guidelines to enact learners’ agency in collaborative 
inquiry processes. The study used qualitative methods to gain understanding about the 
usage of roles supported with DojoIBL as a way to leverage learners’ agency. The qual-
itative instruments consisted of a discourse analysis from the conversations and the 
interactions with DojoIBL and a semi-structured interview with the learners. To this 
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end, 10 students (aged 14-15) from a Language and Learning Acquisition course used 
DojoIBL for 5 weeks to carry out an inquiry. With the goal of learning about the lis-
tening and reading comprehension skills in English, the teacher used the context of 
World War 1 to conduct the inquiry. 
The discourse analysis was carried out using the coding scheme proposed in the 
Community of Inquiry framework (Garrison et al., 2000), that focused on four main 
aspects of learning; cognitive, social, teaching and metacognitive. The presented results 
showed that cognitive presence was the most prominent among all the interactions 
analysed both in the DojoIBL platform and in the classroom. In DojoIBL, participants 
preferred to comment in the inquiry activities over using the chat messaging to support 
cognitive presence, which supports the claim from Garrison, Anderson, and Archer 
(2001) that asynchronous communication was preferable for achieving high-order 
cognitive skills. In the classroom discourse, the teaching presence for students and 
teachers registered an equal number of interactions, which positioned teaching as a 
relevant endeavour in open ended inquiry processes. The social presence, essential in a 
collaborative process, was the second type of interactions most active during this in-
quiry project, while the metacognitive presence with less total interactions, had an 
equal number of utterances in DojoIBL. Additionally, the discourse analysis revealed a 
lack of time management, since 80% of the teachers and students’ utterances took 
place in the last two weeks (of five months) of the project. From the learners’ agency 
perspective, we looked at the ratio of role performance. The analysis, which measured 
the number of times that a participant performed an activity/action related to the role 
he/she was assigned, indicated that only in 13% of the cases participants did what they 
were supposed to do based on their role. This contrasted with the reflections made by 
the students in the semi-structured interviews in which 7 out of 8 indicated that roles 
worked as expected. Although these findings could not be generalized, they provided 
insights for maximizing the potential of DojoIBL supporting collaborative inquiry 
processes. In order to make these insights more explicit, the chapter provided a list of 
practical guidelines for practitioners to maximize the management and the support of a 
learning process: 1) Negotiations of roles starting from fixed responsibilities, 2) Agile 
strategy for the inquiry process management, 3) Contingency plan for real collaborative 
situations and 4) Exercising metacognitive processes. As it has been detailed in chapter 
8, DojoIBL helps to carry out all these practical guidelines in practice. 
Limitations of this research 
This dissertation contributed to create understanding about suitable ways to foster 
learners’ agency in collaborative inquiry-based learning. However, several factors lim-
ited the conducted research in the different sections of this thesis.  
In the literature review presented in section I, the lack of a larger body of experi-
mental research on inquiry-based learning supported with mobile technology limited 
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the conclusions about the effectiveness of the instructional designs supporting learn-
ers’ agency. Another aspect that limited the generalization of results to a broader in-
quiry-based setting was the fact that the analytical framework did not take into account 
the age range of the learners. Considering that the reviewed design from the studies 
defined activities for different age ranges, not taking this issue into account was a limi-
tation. Additionally, the search terms of the literature search might not be exhaustive 
enough, including terms like e.g. discovery learning might be resulted in a more com-
prehensive analysis. Nevertheless, this exclusion did not alter the analytical framework 
nor the main findings.  
With regards to the design and implementation in section II, particular limitations 
were pointed out for the GPIM Google Glass®, the DojoIBL platform and the under-
lying infrastructure. The GPIM presented several concerns related to the usability and 
navigability that limited its use for research. The DojoIBL platform, although it result-
ed in a mature platform to be used in real settings, was always tested in semi-controlled 
settings. Another limitation was the high expectations of learners towards a new appli-
cation or educational platform. This required an extra effort to reach the learners’ 
acceptance. Last, the underlying architecture presented conceptual limitations regard-
ing the weak linkage between the architectural components and the field of inquiry-
based learning. However, this can also be considered positive, since the components 
can be used to support learning platforms beyond inquiry-based learning. 
Finally, the limitations about the evaluations included in section III were mainly 
about two aspects: generalization of results and the context of the evaluation. The 
main issue was related to the experimental setting designed. Chapter 7 presented a case 
study in which experts evaluated the usability of DojoIBL in a controlled laboratory 
setting. The laboratory setting offered a context without the danger of unexpected 
external variables influencing the results. But these type of settings were criticized 
because they low ecological validity. On the contrary, chapter 6 and 8 presented a field 
study in a school setting. In these cases, these were more realistic interventions in 
which the authenticity was also influenced by cofounding variables that affected the 
results, providing higher ecological validity. Consequently, it was more difficult to draw 
conclusions. This tension between laboratory studies and field studies, that was already 
discussed by Kaikkonen, Kekäläinen, Cankar, Kallio, & Kankainen (2005), has been 
present in this dissertation. Another limitation regarding the evaluations was related to 
the generalization of results. In chapter 8, one of the limitations was the small sample 
size. Ten participants were involved, which prevented from any generalization of the 
results. However, the way the practical guidelines were presented, they were not affect-
ed by outcomes and its contributions. Another limitation was that the age range of the 
students and the multicultural background was not taken into account. Such disparity 
could influence their perception on the adoption of DojoIBL. Moreover, the final 
reflections given by the students about DojoIBL and the use of roles could be affected 
by the novelty effect. 
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Implications for educational practices 
The outcomes of this dissertation on how to support collaborative inquiry-based learn-
ing in a way that it fosters learners’ agency, had some implications for future educa-
tional practices. This dissertation provided many insights and tools that can –and 
should be– used when developing and implementing inquiry-based learning supported 
with technology. To increase the likelihood of an effective use of these insights, they 
are explained upon the theoretical, the technical and the evaluation perspective. 
Through the literature review, the first part of this dissertation provided two out-
comes; first a list of the typical instructional designs used in inquiry-based learning 
when supported with mobile technology, and second an analytical framework for iden-
tifying learners’ agency. The list of instructional designs provided a comprehensive 
summary that can be used for teachers to be aware of the type of instructional designs 
that mobile technology could offer for inquiry-based learning. Although some of them 
were trivial like e.g. direct support from teacher or access to content, the analysis also 
provided the technological affordances to enable such instructional designs. Thus, the 
list informed teachers about the opportunities to improve their mechanisms of guid-
ance and support. The analytical framework –and by extension the whole work around 
learners’ agency– sought to create understanding on how to identify and characterize 
learners’ agency. Applying the framework in a more general context, can help teachers 
to judge what kind of learning strategies, instructional designs or methods lead to high-
er agency. This also increased awareness on how to make learners efficiently take con-
trol over their learning goals, which in turn aligns with one of goals of education: to 
assure an ongoing, voluntary self-development, and pursuit of knowledge. 
The second part dealt with the design and implementation providing the DojoIBL 
platform. It is a cloud-based solution to structure and support inquiry-based learning 
processes. DojoIBL can be used online34 or downloaded for free, as it was published 
as open-source in a public repository35. This means that users (teachers and students) 
can use it at this moment (online) for the next academic year at zero-cost. The plat-
form comes with a basic self-explanatory documentation for beginners, meant to re-
duce the learning curve. Additionally, its flexible design did not bind its usage only to 
inquiry-based learning. Other methodologies based on activities can benefit from its 
features for communication and collaboration. In the context of inquiry-based learn-
ing, the work done in this dissertation revealed that it was a suitable tool to structure 
and support metacognition. The flexibility of DojoIBL supporting multiple inquiry 
structures allowed strategic distributions of metacognitive activities along the inquiry 
structure that could reinforce learners’ agency. For instance, the teachers –through 
metacognitive activities like e.g. reflection– could make learners evaluate their perfor-
mance at the end of each inquiry phase. Thus, this flexibility aspect has two main im-
                                                        
 
34 https://dojo-ibl.appspot.com 
35 https://github.com/WELTEN/dojo-ibl/ 
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plications in practice; first, it can help on finding the optimal inquiry structure that best 
suits both research and teachers in an experimental design. Very often the theoretical 
approaches are too tight, and the implementation into real scenarios can hinder the 
teachers’ performance. Having the flexibility that DojoIBL offers to structure process-
es can be the way to design fruitful research and academic experiences. Second, teach-
ers are the ones that know best their students. Therefore, they know when, what and 
how the pedagogical structures that support the learners need to be adapted. Every 
situation, every classroom, and every session with the students is different. Education 
is something flexible that is influenced by the context (social, cultural, political…) in 
every day basis schooling. Therefore, the tool supporting it, should be able to adapt to 
it and add in between activities e.g. about the headlines on the newspapers or about the 
latest case of contaminated eggs. In brief, DojoIBL allows such a practical flexibility in 
the day-to-day classroom. 
Finally, the evaluation section generated practical guidelines on how to maximize 
the potential of DojoIBL supporting collaborative inquiry-based learning. On the one 
hand, the DojoIBL enabled the use of roles as a strategy to leverage learners’ agency. 
Roles provided an implicit responsibility on specific parts of the inquiry process in 
order to make them taking control over the process. The implication for practice was 
the specific support for a strategy that balanced learners’ agency and teachers scaffold-
ing, because roles steered learners in a certain direction through their responsibilities 
but they also had the freedom to do it as they wished. On the other hand, some impli-
cations were pointed out to improve the inquiry management. In this case the implica-
tion for practice consisted in a better management of the time at run time. Thus, one 
of the goals was to keep a good balance of time and energy invested. For that, a more 
extensive use of the DojoIBL calendar properties and also an agile approach was sug-
gested. Through the calendar, both the learners and teachers can make more efficient 
use of the time working towards concrete milestones during the inquiry process. 
Moreover, the agile approach can provide a methodical way of working that consists 
on regular meetings and distributing roles among the team members. Lastly, the evalu-
ations with DojoIBL triggered some interest in schools that are using inquiry-based 
learning actively. Such interested has led to an agreement to use DojoIBL in a school 
with almost 400 students for the next academic year. This cooperation valorises the 
work done in this dissertation as well as opens up new opportunities to create new 
understanding about collaborative inquiry-based learning in real educational scenarios. 
Implications in current society 
If we look back to the beginning of humanity, technology has been present in history 
to assist humans in all kinds of socio-cultural, political, scientific and cognitive forms. 
With every technological breakthrough, society adopts a new tool that simplifies cer-
tain processes, but at the same time society becomes dependent on the services that 
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tool offer limiting our freedom. This means that to certain extent every automated 
suggestion or every commodity offered through technology is also constraining our 
free will. This dissertation provides means for young students to have a better lifelong 
learning experience, in which they are able to look beyond the technology –and infor-
mation given through technology– and decide if they want to be reliant in that way. 
Recently, I came across some figures that shocked me to the core. The title of the 
graph was “Reaching 50 million users”, and it represented the number of years needed 
for technologies to be adopted by 50 million users. The telephone, placed at the top, 
was used for the first time by A. Graham Bell in a phone call from New York to Chi-
cago in 1892, and it took 75 years to reach that number of users. The radio, used for 
the first time in 1896, took 38 years to be used by 50 million people. The television 
took 13 years, the internet 4, and the list continues until recent mobile apps like Angry 
Birds® or Pokémon Go® that reached 50 million users in only 35 and 19 days, respec-
tively. Such fast adoption is boosted by the feeling of control that technology provides. 
Society feels connected and informed, and this gets accentuated by our immediate 
network of friends and colleagues that are exerting pressure on us to not fall behind. In 
this sense, one of the lessons learned from this dissertation is that youth should be able 
to control their lives, set their own goals and decide in which ways they want to be part 
of a trend/hype. The technical implementations of this dissertation always looked at 
fostering metacognitive processes like reflection and monitoring, in such a way that 
children could use not only for learning but also for their lives. 
Nowadays, there is barely anything you cannot do with your phone. If somebody 
needs information, it is as easy as typing it or saying what you want and in a matter of 
milliseconds you have access to it. News arrive at our notification panels even before the 
mass media covers it. Everything is so accessible and possible that many people tend to 
believe that everything that is said or reported on the Internet is true. As Denzel Wash-
ington energetically said, the long-term effect of too much information is the need to be 
first, not even to be true anymore36. So, there is a need to help learners to discriminate 
and contrast the validity of the information, the so called “digital literacy skills”. Inquiry-
based learning can contribute to this need in the way that it instils learners to refute and 
reject their own assumptions, making them to evaluate the veracity of what they are 
reading or listening. Thus, education –more than ever– should invest in methodologies, 
like inquiry-based learning, that activate and prepare learners for the future society. 
The relation between peer pressure and addictions has always been a problem, but 
with the rise of social media this has become even more visible. The dopamine re-
leased into the body with every retweet, like that one receives generates a soft kind of 
addiction that is hard to realized. This would not be bad, if it would not change the 
way we live our lives. But, this addiction corrupts our lives as the intrinsic end goal of 
living our lives as best as we can, has turned out to be an extrinsic motivation that is 
fuelled with the approval of our “friends”. Friends that –in a great majority– will not 
                                                        
 
36 https://www.youtube.com/watch?v=9sRvPhKDRCE 
 170 
be there to hold your hand in rainy days. Such misuse of the social media networks 
leads users to create a shop window of their lives, just to impress the network and 
grow in followers and likes, which differs from being a “social” thing. Thus, the social 
networks can offer a great variety of opportunities, but this is not sufficient to create a 
community. As it has been defined in this dissertation, a community must have a 
shared goal –even if it is being happy together– in order to generate the required social 
interactions to push this goal further.  
The normalization and assimilation of these situations, especially when they are cul-
turally accepted, changes society in the same way as it loses freedom. These situations 
take away the opportunities for people to reflect and think, and limit our ability to 
decide what to believe or what to think, limiting our freedom. Thus, more research is 
needed as a follow up of this dissertation to foster learners’ agency and autonomy, in 
order to ensure that future generations are able to deal with confidence the threatening 
future ahead of us. 
Conclusions 
Looking back at the cover of the thesis, the three sections –theoretical foundation, 
design and implementation and evaluation– and the three main elements of this thesis 
–collaborative inquiry-based learning, learners’ agency and technology– converged in 
finding an answer to the main research question.  
How can an infrastructure be designed, implemented and evaluated in a way 
that flexibly supports and structures collaborative inquiry-based learning pro-
cesses making learners more accountable on their learning? 
The same way the main research question was introduced based on the Triskelion, the 
answer is addressed also according to the three-legged symbol. First, section I contrib-
uted to create understanding about learners’ agency for inquiry-based learning support-
ed with mobile technology. It produced an analytical framework that helped to increase 
awareness and understanding of learners’ control over their learning. The outcomes 
have been used in section II to design tools that foster individual accountability but 
also to support collaboration. The DojoIBL platform sought to enable a flexible sup-
port for a wide variety of inquiry-based learning settings and models. Last, section III 
validated the usability of DojoIBL as well as produced practical guidelines for maxim-
izing the potential of DojoIBL supporting inquiry-based learning in real scenarios. 
Taken together, and looking back to the cover, the three independent elements 
converged in the middle of the Triskelion to symbolize the outcome of this thesis: the 
design, the implementation and the practical guidelines for using the DojoIBL cloud-
based solution to support collaborative inquiry-based learning fostering learners’ agen-
cy. This grateful endeavour assured what the ancient Celtic Druids sought for: another 
step in the eternal evolution through knowledge.  
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Appendix B 
 
Figure 38: The 12 types of mobile activities analyzed through the 6 agency dimensions. 
Appendix C 
This appendix includes fragments of the comments posted DojoIBL, in which the 
students reflected about the usage of roles during the inquiry project.  
 
Student 1:  
• “The second time we divided the roles, we decided to dived the slides and 
that everyone is responsible for their own slides…” 
• “The roles in our group were clear, because we all agreed on them and made 
them together.” 
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• “First we divided the roles for the general project and everyone had some-
thing different…” 
Student 2: 
• “The roles that we created worked as we prospected.” 
• “We made the roles clear from one of the first lessons, they kept being the 
same during the all period we worked together. The roles we chose for each 
other had more or less all the same importance for the final outcome of the 
unit, however some of them have been put into practice better than others.” 
Student 3: 
• “The roles were clear until we started to make the presentation.” 
• “When we were doing the presentation, the roles weren’t that clear, because 
we know that we all need to give ideas and work as a team. For examples, 
when we need to upload something, write down our ideas, then we went back 
to our roles and do it.” 
Student 4: 
• “The roles were clear from the beginning until the end of the project.” 
• “When we were making the activities, the roles were not clear because we 
helped each other to improve our work.” 
Student 5:  
• “We all had certain roles in our group which all worked out in a certain 
way.” 
• “The roles of my group did not really change over time but it was a bit com-
plicated because two of our members of the group did not do anything in the 
project itself. When doing the actual performance, we did let them say some 
parts but it was annoying because they would not completely know what to 
say when others in the group worked hard to make this a good performance.” 
Student 6: 
• “The roles in our group worked really interesting. I searched information, 
XXX did the presentation, YYY organized everything, ZZZ supposed to do 
research but he wasn't here so I did his work, and AAA was an organizer. 
AAA didn't like her role because she thought she can't organize, so we said 
to her she can do one of the slides but she forgot to do it.” 
• “I think the roles were really clear and almost everybody did a good job.” 
Student 7: 
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• “By my concern roles worked well.” 
• “At the beginning the roles were chosen by students’ preferences and mostly 
they were clear.” 
• “I was not present while the project was being made.” 
Student 8: 
• “At the beginning divided the roles and all of them work in a certain way.” 
• “Excluding ZZZ and me, I think all of the other member in our group did a 
good job and most of the roles were clear.” 
• “I changed role of organizer because I cannot organize. Two members of 
our group, including me, did not really participate in the research and ex-
planation of the strands so other members had to do it.” 
Appendix D 
Table 28: CoI coding framework. 
Category Indicators Definition 
Social Presence Affective 
Response 
(Rourke et. al.) 
Emotional Expression (Garrison et. 
al.) & (Rourke et. al.) 
Expression of emotion, includes 
repetitious punctuation, conspicuous 
capitalization, emoticons. 
Use of humor (Rourke et. al.) The use of teasing, cajoling, irony, 
understatements, and sarcasm. 
Self-disclosure (Rouke et. al.) Presents details of life outside of class, or 
expresses vulnerability 
Cohesive 
Response 
(Rourke et. al.) 
Phatics, salutations (Rouke et. al.) Communication that serves a purely social 
function; greetings, closures. 
Vocatives (Rouke et. al.) Addressing or referring to participants by 
name. 
Addresses or refers to the group 
using inclusive pronouns (Rouke et. 
Al.) 
Addresses the group as we, us, our, group. 
Interactive 
Response 
(Rourke et. al.) 
Continuing a thread (Rouke et. al.) Using reply features of software, rather 
than starting a new thread. 
Quoting from others messages 
(Rouke et. al.) 
Quote others messages or responses. 
Referring explicitly to others’ 
messages (Rouke et. al.) 
Direct references to contents of others’ 
posts. 
Complementing, expressing 
appreciation (Rouke et. al.) 
Complementing others or content of 
others’ messages. 
Expressing agreement (Rouke et. al.) Expressing agreement with others or 
content of others’ messages. 
Asking questions (Rouke et. al.)  Students ask questions of other students 
or the moderator 
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Category Indicators Definition 
Cognitive 
Presence 
Exploration 
(Garrison et. al.) 
Rote Factual Response State basic information from material or 
add to previous comment 
Triggering Event (Garrison et. al.) Start of the discussion or topic, sense of 
puzzlement, transition and initiation into 
new line of thought. 
Information Exchange (Garrison et. 
al.) 
Basic Information and brainstorming. 
Presentation of new ideas to group. 
Analysis Analysis Present argument or apply framework to 
evaluate situation 
Simple Clarification (Aviv) Identify previously states hypotheses and 
reformulating the problem. 
Deep Clarification (Aviv) Identify hidden assumptions and 
identification of needed information. 
Integration 
(Garrison et. al.) 
Connecting Ideas (Garrison et. al.) Use of metaphors, analogies, and explicit 
similies and relationships. 
Inference (Aviv) Make inferences linked to previously 
proposed ideas. 
Judgment (Aviv) Make evaluation of others’ ideas 
Resolution (Garrison et. al.) Apply new ideas, coming to conclusions 
and recommendations. 
Teaching 
Presence 
Direct 
Instruction 
(Anderson et. al.) 
Discussion Strategy (Aviv) Explicit discussion of what the students 
and the teacher do to proceed. Procedural 
rather than substantive. 
 Present content (Anderson et. al.) Instructor presenting materials and asking 
questions related to material. 
 Ask questions Instructor asking questions on the material 
 Focus the discussion on specific 
issues (Anderson et. al.)  
Student or Instructor focusing discussion 
by directing attention to particular 
concepts or information.  
 Summarize the discussion (Anderson 
et. al.)   
Student or Instructor summarizes the 
discussion to develop and explicitly 
delineate the context.  
 Confirm understanding through 
assessment and explanatory feedback 
(Anderson et. al.)  
Student or Instructor assesses students’ 
comments and provides explanatory 
feedback to confirm understanding.  
 Diagnose mis-conceptions (Anderson 
et. al.)  
Student or Instructor providing 
clarification and correcting students’ 
misconceptions.  
 Inject knowledge form diverse 
sources (Anderson et. al.)  
Student or Instructor providing 
knowledge from difference sources (e.g., 
textbooks, articles, internet...) and 
provides pointers to the sources.  
 Responding to technical concerns 
(Anderson et. al.) 
Instructor or student responding to 
technical questions.  
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Category Indicators Definition 
 Facilitating 
Discourse 
(Anderson et. al.)  
 
Identifying areas of 
agreement/disagreement (Anderson 
et. al.)  
Instructor or student identifying areas of 
contradictions and agreements  
 Seeking to reach 
consensus/understanding (Anderson 
et. al.)  
Student and instructor articulating 
consensus and shared understanding.  
 Encouraging, acknowledging, or 
reinforcing student contributions 
(Anderson et. al.)  
Instructor’s acknowledgement and 
encouragement of students and their 
contributions.  
 Assess the efficacy of the process 
(Anderson et. al.)  
The instructor moving the conversation 
along and ensuring effective and efficient 
use of time.  
 Setting climate for learning 
(Anderson et. al.)  
Instructor creating an environment that is 
not threatening and encouraging of 
sharing of ideas.  
 Drawing in participants, prompting 
discussion (Anderson et. al.)  
Instructor calling on students to 
participate and including everyone in the 
discussion.  
Metacognitive 
presence 
Knowledge of 
Cognition  
Knowledge of the inquiry process 
Knowledge of critical thinking and problem solving 
Knowledge of factors that influence inquiry and thinking 
Knowledge of self as a learner 
Entering motivational state 
Knowledge of discipline 
Knowledge of previous experiences 
Expectancy of success 
Monitoring of 
cognition 
Declarative; judging 
Commenting on task, problem or discussion thread 
Asking questions for confirmation of understanding 
Commenting about self’s and others’ understanding  
Making judgments about validity of content 
Commenting on or making judgments about the strategy applied  
Asking questions about progression or stalling  
Expressing emotions during learning 
Assessing motivational state and effort required 
Regulation of 
Cognition 
Procedural; planning Setting goals 
Applying strategies 
• Providing/asking for 
• support 
• Challenging self or 
• others 
• Asking questions to 
• deepen thinking 
• Asking for 
• clarification 
• Request information 
• Self questioning 
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Category Indicators Definition 
Questioning progression, success 
Taking control of motivation and effort 
Facilitating/directing inquiry 
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This thesis presents the results of the conducted research and development of applica-
tions to support collaborative inquiry-based learning, with especial focus on leveraging 
learners’ agency. The reported results are structured into three parts: the theoretical 
foundations, the design and implementation and the evaluation. The first section con-
tains chapter 1 that presents a literature review on how learners’ agency is supported 
in mobile inquiry-based learning processes. The classification was made in a two-step 
process. First, the most common mobile activities were extracted from the reviewed 
studies based on existing frameworks in mobile learning. The goal was to have a 
unique perspective to the studies that could reveal information on how the mobile 
technology was used for inquiry-based learning. The outcome of this first step was a 
list of 12 instructional designs organized in 5 main categories. The second step was to 
define a classification framework for learners’ agency that was based on existing defini-
tions of agency and self-regulated learning. The result was a framework with six di-
mensions that characterize learners’ agency. The classification framework was used to 
evaluate to what extend the instructional designs supported learners’ agency. The find-
ings helped designers and researchers to increase awareness and understanding about 
the role of mobile technology to exercise agency on inquiry-based learning. 
Section II –design and implementation– consisted of four chapters that presented 
an IBL infrastructure and two applications –the GPIM and DojoIBL– that built upon 
it. Chapter 2 explains one of the applications developed in this dissertation, the 
GPIM. It was a Google Glass® application meant to guide learners in data collection 
processes. Through the voice command and the HUD’s (Head Up display) the users 
could experience hands-free operation, which made the differentiating element com-
pared to other phone-based applications. This helped to improve the design require-
ments of the platform described in chapter 3, called the DojoIBL. DojoIBL is a 
cloud-based platform to structure and support collaborative inquiry-based learning 
processes, with an especial interest on leveraging learners’ agency. Its design focused 
on exposing a holistic view of the inquiry process to the learner, supporting learners’ 
agency through the use of roles, and structuring collaborative inquiry learning through 
the use of instant messaging, an inquiry timeline and notifications. However, analysing 
learners’ agency in a collaborative online environment like DojoIBL, required more 
information about the traces that learners left behind in DojoIBL. Thus, in chapter 4, 
a new component called DojoAnalytics was presented to extend DojoIBL functionality 
with external Learning Analytics dashboards. The new component was designed fol-
lowing interoperability standards, in such a way that DojoAnalytics could channel the 
communication between DojoIBL and any standard LA dashboard. As a result, learn-
ers could monitor and self-regulate their progress based on actual performance using 
the external LA dashboards. To wrap up the section, chapter 5 presented the technical 
specification and documentation of a cloud-based IBL architecture built upon small, 
reusable components. This architecture consisted of the following six software com-
ponents; 1) IBL engine, 2) authentication, 3) data collection, 4) communication, 5) 
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notification and 6) DojoAnalytics, that provided means for researchers, designers and 
developers to create new inquiry-based learning applications. 
Section III –evaluation– consisted of three chapters that present the evaluations 
carried out for the implementations. It began with chapter 6 presenting an empirical 
study that focuses on the impact of using different inquiry structures on perceived 
motivation, engagement, knowledge gain and cognitive load. This quasi experimental 
study with 164 students compares three types of inquiry structure; one-phase structure, 
six-phase structure and six-phase structure with the support of a mobile app, the Per-
sonal Inquiry Manager. Findings show that the use of different structures for inquiry-
based learning did not significantly influence the knowledge gain, motivation and cog-
nitive load. However, significant differences were found in the dependent variables 
influenced by the different educational cohorts and gender. The second evaluation, 
described in chapter 7, presented a formative study to assess DojoIBL users’ ac-
ceptance. To this end, the usability –using a System Usability Scale (SUS) question-
naire–, the users’ experience –using the User Experience Questionnaire (UEQ) – and a 
semi-structured interview with the students were used. The results show high degree of 
users’ acceptance and the scores were within the 10% best results compared to a 
benchmark. Only dependability, which related to the perceived users’ control of the 
interaction, scored lower. This finding was aligned with students’ comments about 
usability issues, that later were addressed in a new iteration of DojoIBL. Finally, the 
chapter 8 presented another study about DojoIBL that focused twofold on the opti-
mal conditions to maximize the learning potential of DojoIBL and on leveraging learn-
ers’ agency through the use of roles. To this end, 10 students of the course of the 
‘Language Learning and Acquisition’, carried out an inquiry about the listening and 
reading comprehension for 5 weeks. From the discourse analysis and the semi-
structured interviews with the students, the findings of the study provided a list of 
practical guidelines that help to improve the management and support of collaborative 
inquiry processes through roles and DojoIBL.  
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In deze dissertatie vindt u de resultaten van het onderzoek dat heeft plaatsgevonden 
alsook de ontwikkeling van applicaties die collaboratief, vraaggestuurd leren onder-
steunen, met een duidelijke focus op het beïnvloeden van de zelfsturing van studenten. 
De gerapporteerde resultaten zijn onderverdeeld in drie delen: de theoretische onder-
bouwing, het ontwerp en de implementatie en de evaluatie. In de eerste sectie vindt u 
hoofdstuk 1, waar in een literatuurstudie uiteen is gezet hoe de zelfsturing van studen-
ten wordt ondersteund in een mobiel vraaggestuurd leerproces. De classificatie van de 
literatuur heeft plaatsgevonden in twee stappen. Allereerst zijn uit de geselecteerde 
studies de meest voorkomende mobiele leeractiviteiten afgeleid, gebaseerd op bestaan-
de kaders binnen het domein van mobiel leren. Het doel hiervan was om vanuit een 
unieke perspectief zicht te krijgen op de manier waarop mobiele leertechnologie ge-
bruikt is in de context van vraaggestuurd leren Het resultaat van deze eerste stap was 
een lijst met 12 onderwijsontwerpen, die ingedeeld zijn in 5 hoofdcategorieën. Daarna 
werd er in een tweede stap een classificatiekader voor zelfsturing van studenten opge-
steld op basis van bestaande definities op het gebied van zelfsturing en zelfregulatie. 
Dit resulteerde in een kader met zes dimensies, die de zelfsturing van studenten be-
schrijft. Dit classificatiekader werd daarna gebruikt om de onderwijsontwerpen te eva-
lueren door te kijken in hoeverre deze ontwerpen de zelfsturing van studenten onder-
steunden. De bevindingen die hieruit voort kwamen hebben de ontwerpers en onder-
zoekers geholpen om het bewustzijn en begrip te vergroten met betrekking tot de rol 
van mobiele technologie in zelfsturing binnen de context van vraaggestuurd leren. 
Sectie II –ontwerp en implementatie– bestaat uit vier hoofdstukken waarin een IBL 
(inquiry-based learning) infrastructuur en twee applicaties worden beschreven die daar-
op voortbouwen –de GPIM en DojoIBL–. In hoofdstuk 2 wordt een van de applica-
ties uit deze dissertatie verder toegelicht, de GPIM. Deze applicatie was een Google 
Glass® applicatie die ingezet werd om studenten te ondersteunen tijdens dataverzame-
lingsprocessen. Door stembesturing en de HUD’s (Head Up display) was de besturing 
voor de gebruikers handsfree, wat deze applicatie onderscheidde van de applicaties op 
telefoons. Dit heeft verder geholpen bij het verbeteren van de ontwerpeisen van het 
platform genaamd DojoIBL, dat beschreven wordt in hoofdstuk 3. DojoIBL is een op 
de cloud gebaseerd platform dat collaboratieve vraaggestuurd leerprocessen structu-
reert en ondersteunt, met een focus op het beïnvloeden van de zelfsturing van studen-
ten. Het ontwerp kenmerkt zich door een holistische interpretatie met betrekking tot 
het vraagproces bij de student, het ondersteunen van zelfsturing van studenten door 
middel van rollen, het structureren van collaboratief vraaggestuurd leren door het ge-
bruik van directe berichten, een onderzoekstijdlijn en notificaties. Het analyseren van 
zelfsturing van studenten in een collaboratieve online leeromgeving zoals DojoIBL 
vereiste echter meer informatie over de ‘sporen’ die de studenten hadden achtergelaten 
in DojoIBL. Aldus wordt er in hoofdstuk 4 een nieuwe component genaamd Dojo-
Analytics, een extern learning analytics dashboard, gepresenteerd als uitbreiding op de 
functionaliteit van DojoIBL. Deze nieuwe component is ontworpen volgens bestaande 
interoperabiliteitsstandaarden waardoor DojoAnnalytics de communicatie kon verzor-
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gen tussen DojoIBL en het standaard LA-dashboard. Door gebruik te maken van deze 
externe LA-dashboards konden studenten hun voortgang monitoren en reguleren op 
basis van hun daadwerkelijke prestaties. Ter afsluiting van deze sectie bespreken wij in 
hoofdstuk 5 de technische specificatie en documentatie van een op de cloud geba-
seerde IBL-architectuur, die gebouwd is op kleine herbruikbare componenten. Deze 
architectuur bestond uit de volgende zes softwarecomponenten; 1) IBL-engine, 2) 
authenticatie, 3) dataverzameling, 4) communicatie, 5) notificatie en 6) DojoAnalytics. 
Deze componenten waren voor de onderzoekers, ontwerpers en ontwikkelaars leidend 
voor de ontwikkeling van nieuwe vraaggestuurde leerapplicaties. 
Sectie III –evaluatie– bestaat uit drie hoofdstukken die de evaluaties beschrijven die 
uitgevoerd zijn ten behoeve van de implementaties. In hoofdstuk 6 wordt een empi-
risch onderzoek beschreven waarin gekeken wordt naar de invloed van verschillende 
vraagstructuren op de motivatie, betrokkenheid, kennistoename en cognitieve belasting 
die door studenten wordt ervaren. Dit quasi-experimentele onderzoek met 164 studen-
ten vergelijkt drie typen vraagstructuren; een-fase structuur, een zes-fase structuur en 
een zes-fase structuur met de ondersteuning van een mobiele app, de Personal Inquiry 
Manager. De resultaten van dit onderzoek tonen aan dat het gebruik van verschillende 
structuren voor vraaggestuurd leren geen significante invloed had op kennistoename, 
motivatie en cognitieve belasting. Echter werden wel significante verschillen gevonden 
in de afhankelijke variabelen die werden beïnvloed door de verschillende onderwijsco-
horten en het geslacht. De tweede evaluatie, beschreven in hoofdstuk 7, is een forma-
tief onderzoek om de acceptatie van de gebruikers van DojoIBL te testen. Om dit te 
bewerkstelligen werd de bruikbaarheid getoetst door middel van een System Usability 
Scale (SUS) vragenlijst, de gebruikerservaring werd getoetst door middel van de User 
Experience Questionnaire (UEQ) en er werd daarnaast ook een semigestructureerd 
interview met de studenten afgenomen. De resultaten laten zien dat de gebruikers in 
hoge mate scoren op acceptatie. Deze resultaten vielen binnen de 10% van beste resul-
taten vergeleken met de bestaande criteria. Alleen de afhankelijkheid, die gerelateerd is 
aan de controle over de interactie die studenten ervaren, scoorde lager. Deze bevinding 
sloot aan bij de commentaren van de studenten met betrekking tot bruikbaarheidspro-
blemen, die wij in een later stadium hebben aangepakt bij een nieuwe iteratie van Do-
joIBL. Tot slot beschrijven wij in hoofdstuk 8 een onderzoek over DojoIBL waarin 
we naar twee zaken gekeken hebben: de optimale condities om het leerpotentieel van 
DojoIBL te maximaliseren, en hoe men de zelfsturing van studenten kan vergroten 
door gebruikmaking van rollen. Ten behoeve van dit onderzoek hebben 10 studenten 
van de cursus ‘Language Learning and Aquisition’ 5 weken lang een onderzoek uitge-
voerd over begrijpend luisteren en lezen. Uit de analyse die we hierop hebben toege-
past en de resultaten van de semigestructureerde interviews is een lijst samengesteld 
met richtlijnen die helpen bij de verbetering van het organiseren en ondersteunen van 
een collaboratief vraaggestuurd leerproces door rollen en DojoIBL. 
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